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SECTION I - INTRODUCTION

T h_s__locumentp_ the description and operatlon instruction for the

Atmospheric Cloud Physics Laboratory (ACPL) Simulation System, designed for

execution on general purpose large scale computer systems such as the IBM

360/75 or the UNIV 1108 at 14_i_fThe ACPL Simulation System is capable of

simulating the following cloud physics experiments:

Adiabatic Expansion I

Non-adiabatic Expansion

Static Diffusion .Liquid (SDL)) _
Continuous Flow Diffusion (CFD)_ --//_'

SDL and CFD with Phoretic and Gravitational Hotion of Aerosols

and Droplets) j
_Two-_|mensional SDL)

CFD Fluid Dynamics

To present the capabilities of the ACPL Simulation System, i_ ;s -=_=;_;,-r

t deo__ the major modules which comprise the total system_--(_ c_L-_: ,_ 'c*_

The ACPL Simulation System presently consists of two ciass/e,s of major components•

The first class consists of an executive module which p_d_forms the data manage-
• / •

ment including the control of logic flow of exper,me/q_ simulation. A second

class includes the system of experimental modulesv-which can be executed in

any order, as specified by the user through inpuft options. These experimental

modules are primarily responsible for any com_utations performed during the

ACPL Simulation. Each of the experimental modules, designed to simulate a

specified experiment, requires the support of several lower level sub-modules

or sub-programs.

Operation of the ACPL Simulation System can be through the submittal of a batch

job at a general computer facility. However, to facilitate the operation, the

ACPI. Simulation System with the interactive graphic capability has been designed

and implemented with the usage of the PRIME 400 and the Tektronix Cathode Ray

Tube (CRT) terminals at the Data Systems Laboratory of HSFC. The interactive

operation allows the user to manually select the modules for execution, and to

define the numerical values of parameters required for the calculation.
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j Section 2 presents the detailed descriptions of the total ACPL Simulation

System. Included in the discussion are the capabilities of simulating each

experiment. Section 3 of this document describes the organlzatlon of the

input stream required for the batch mode operation. Section 4 discusses

features and capabilities of the interactive mode of the system as designed

to be operated at the PRIME 400 computer facility of the Data Systems Lab at

MSFC. Section 5 discusses the Job Control Language (JCL) for the ACPL

simulation run as would be required for the IBM S/360 computer fac|lities.

Section 6 presents special considerations for the ACPL Simulation operation.

Appendix A provides descriptions of Labelled Commons which are commonly used

by all majur modules; whereas, Labelled Commons required specifica|ly by each

of the different modules are described in Appendix B.
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SECTION 2 - SYSTEM DESCRIPTION

This section presents the discussion of components, organization, and various

interface requirements. Included in the discussion will be the modes of oper-

ation of the system and means of input/output. Brief discussion of the two

user n_des of operation--batch and interactive graphic--is given.

2.1 SYSTEM CONTROL STRUCTURE

The control structure of the ACPL Simulator System is comprised of the ACPL

Executive Module, Experimental Nodules, card input, special disk files,

printer output, and a graphics display (CRT) device. This control structure

is illustrated in Figure 2-1.

The present ACPL Simulator System is designed to be operational in either

batch or interactive graphic mode. For the interactive graphic capability,

the ACPL Simulator System utilizes the graphic display software designated

Plot IO Package. This software package is generally available at different

computer centers. The Plot IO software package Is easy to interface with and

provides to the ACPL Simulator users the print and plot capabilities with a

relatively small an_unt of core memory. The display series can Include a

list of selectable experimental modules, after which execution is passed to

the selected module; the display of input parameters required for operating

the selected module; and, the prints and plots of the computed parameters.

The detailed descriptions of the prints and plots generated through the

interactive qraphic capabilities (using Plot I0) are presented in Section 4.

At present, there are three main disk files being used by the ACPL Simulator

System. These three files contain load modules of ali experimental modules,

labelled cornn_ns assigned for each of the experiments, and numerical .values of

input/output parameters. These disk files are a major source of the ACPL
f

Simulator System data management structure.

.
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2.2 EXECUTIVE AND UTILITY NODULES OF THE ACPL SIMULATION SYSTEH

The ACPL Executive Module has the control of the overall program logic flow

and schedules the operation of the designated Experiment Nodules. The

Executive Nodule interprets the user control information which "is defined

through input cards or an interactive graphics terminal. With the modes of

operation defined, the Executive provides the user with either the batch or

interactive graphic capability through the usage of the PRIHE 400 Computer

System. It allows the user to operate and execute the ACPL Simulator through

card input only or through an interative graphic device. The Executive

Module also passes control to the user designated Experimental Nodules which

perform the simulation of designated experiments. Thus, it serves as the

operational controller of the experimental simulation. The user has the

option of selecting or designing the order of processing the simulated

experiments. The structural hierachy of the Executive Nodule and the

Experimental Modules is illustrated in Figure 2-2. The modules at the

bottom of the figure are in fact experiment dependent in that they contain

codings which are directly related to the particular thermodynamic and

microphysic processes taking place with|n each of the chambers.

The Utility Nodule of the ACPL Simulator System consists of programs and

sub-programs designed for supporting the calculation or simulation performed

by the Experimental Nodules. Programs and sub-programs contained in this

module are those designed to compute such parameters as saturation vapor

pressure of water, laten heat of condensation, diffusion coefficient for

water vapor in the air, thermal conductivity of air, and etc.

,f

2.3 EXPERIMENTAL NODULES

Thr present ACPL Simulator System provides the users with options of selecting

a computer simulation of any one of the seven experiments. Each experiment

has a corresponding program module designed for simulating the thermodynamic

and microphysical processes occurring during the cloud formation experiments.

The experimental modules consist of the following:

2-3
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o The Adiabatic Expansion (AE) Hodule,

o The Non-adiabatic Expansion (NE) Hodule,

o The Static Diffusion Liquid (SDL) Module,

o The Continuous Flow Diffusion (CFD) Hodule,

o The SDL and CFD Module with Phoretic and Gravitational Motion

of Aerosols and Droplets,

o Two-Dimensional SDL Module, and

o CFD Fluid Dynamics Module.

The Adiabatic Expansion (AE) Hodule: The Adiabatic Expansion Module is designed

to simulate the cloud-forming experiments. Each requires a model of droplet

nucleation and growth in an adiabatically expanding parcel of moist air. The

expansion chamber wail temperature is assumed to be uniform (no spatial

variations at any time) and to follow the gas temperature exactly during

expansion. There are no existing spatial gradients in any property in the

interior of the chamber. Thus, the module considers only the evolution in

time of the cloud physics processes in a single, adiabatically expanding cloud

parcel. The forcing functions of the module include:

o Pressure Drop Rate vs. Time,

o Temperature Drop Rate vs. Time,

o Pressure vs. Time,

o Updraft vs. Time, or

o Other User's Specified Function,

The Non-adiabatic Expansion (NE) Module: The model for this module is an

extension of the above model designed with the cap@bility of simulating the

propagation of a thermal wave through an existing cloud. The physical pro-

cesses involve the uncoupling of the chamber pressure and/or wail temperature.

The chamber pressure and wall temperature are varied independently (i.e.,

non-adiabatically), creating gradients in the temperature and in the water

vapor and cloud liquid water concentrations. Temperature and water vapor

concentration gradients interactions are included and coupled with the

droplet growth/evaporation process. Thus, the module performs the calculation

of heat conduction and vapor diffusion and their interaction with the droplet

growth equations.
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The Static Diffusion Liquid (SDL) Module: The basic operation concept of the
!

SDL Module is analogous to that of the NE Module. The formulations implemented

for both of the SDL and the NE modules are very similar, differing only in the

chamber geometry and in the boundaw conditions at _he chamber walls. However,

in the SDL experiment heat conductlon and vapor diffusion are everywhere

directed along the normal to the plate surfaces, and a single dimension space

coordinate is used for describing all processes. The temperature of the plates

and the pressure within the chamber are modeled as functions of time. In

brief, a time-dependent model of heat and vapor transport, droplet nucleation

and growth, and particle drift (thermophoretic and diffusiophoretic motions)

in one space dimension are the basic processes considered in the operation of

the module.

The Continuous Flow Diffusion (CFD) Module: The basic difference between the

operation of the CFD and the SDL experiments lies in the fact that a constant

gas flow is maintained parallel to the chamber plates, and aerosol sample is

injected into this flow along the median plane of the chamber. In addition,

the temperatures of the plates are kept constant during an experiment segment,

so that a steady-state condition is maintained. The detailed model of the

CFD can be structured as the two-dimension flow of fluid coupled with the

diffusion and heat conduction processes. In fact, the differential equations

used for describing the physical processes within the CFD chamber are the

elliptic types, while those used for the model of the SDL chamber are parabolic.

SDL and CFD Modu]es with Phoretic and Gravitational Motion of Aerosols and

Droplets: These two modules were the result of modifications of the SDL and

CFD modules to allow aerosol particles and cloud croplets to move across the

chambers in response to phoretic focus created by gradients in gas temperature

and composition and, optionally, in response to gravitational forces. These

modules were developed in response to the needs of the planned experiments on

SDL-CFD comparisons in both zero-g and one-g environments, and on phoretic

motion of aerosols in the CFD.

Two-Dimensional SDL Module: Previously maintained SDL models used only a

single space dimension, the coordinate normal to the chamber plates (here

labelled the Z-coordinate). In other words, these models assumed that gradients

2-6



in the values of all variables in the coordinate parallel to the chamber plates

were negligible. For studies of droplet formation on a uniformly distributed

aerosol, in regions away from the edges of the chamber plates, this assumption

introduces little error. However, experiments have now been proposed which

depend essentially on the effects of gradients in the radial coordinate.

These experiments are of two basic types. In the first type, a single ice

particle will be grown near the center of the chamber. In the second, a

althermal probe I_, whose temperature can be varied independently of the chamber

plate temperatures, will be inserted into the center of the chamber.

The model describes a cylindrical section of the SDL chamber, bounded on its

upper and lower surfaces by the chamber plates, and centered on the axis of

symmetry of the chamber. It is an axisymmetric model; angular variations

are neglected. The coordinate normal to the chamber plates is again the

Z-coordinate. The primary difference between this model and previous SDL

models is the numerical approach to solution of the heat conduction and vapor

diffusion equations in these coordinates. Droplet nucleation and growth

are treated exactly as in earlier models. The model provides for insertion

of a cylindrical thermal probe concentric with the axis of symmetry. A model

of ice particle growth has not yet been incorporated in the program.

CFD Fluid Dynamics Module: This module is for modeling three-dimensional

fluid dynamics of a rectangular continuous flow diffusion chamber with one

axially mounted rectangular exit port.

2.3.I Input/Output Conventions

Since the ACPL Simulation System is designed to be operational in either the

batch mode or the interactive graphic mode, there are two forms of input and

output associated with the system.

,P
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For the batch mode of operation, at present only input card deck in the standard

form is required. The output of each simulation for this mode is listed in the

hard copy format. The input card deck contains the numerical values of thermo-

dynamic and geometric constants. The format and contents of the input card

deck are presented in Section 3. To facilitate the operation of the system,

the input and output of the batch mode run will be stored in a designated file.

There is no special input file required for the simulation run.

For the interactive graphic mode, the means of communication between the user

and the ACPL Simulation System for input and output is accomplished through

the Tektronix Display keyboard and CRT. Detailed description of the input and

output requirements of the interactive graphic mode is discussed in Section 4.

2.4 MODES OF OPERATION

This section describes briefly the two modes of operation in which the ACPL

Simulator System can be executed.

2-8



?
J 2.4.1 Batch Hode

The AcPL Simulator System can be executed throuqh card Input. In this mode

of operation, no interactive graphic dt:vlce is required. The user Is limited

only to the option of defining input parameters through card deck.

When the ACPL Simulation is run in batch mode, using either a complete card

deck of the executive program and all sub-programs or the executive program

and a user library file containing the sub-routines needed, Input data may be

entered through cards or a direct-access data file.

The execution of the ACPL Simulation in batch mode requires three sections:

I. Control Cards - The control card section of the run consists of

all necessary statements to compile, link edit, and execute the

program. Examples of control cards for the' IBH S/360 Computer

System are shown in Section 5.

. ACPL Simulation Program - The ACPL Simulation Program consists of

a card deck of sub-routines plus a driver program to Initiate

execution of the simulation. The program may be run using the

entire card deck for each execution or the sub-routines may be

stored In load module form on a direct-access device. In the

latter case, only the driver program deck must be submitted for

each execution of the simulation. Examples of deck setup for each

method are given in Section 5. An example of creating load

modules and storing on a dlrect-access device is also shown in the

same section.

. Input Data - The input data consist of initial values of parameters

used by the ACPL Program. A complete description of the Input data

is presented in Section 3.2.

2.h.2 Interactive. Graphic Hode

When the option of interactive graphic mode is selected (limited to only the

PRIME 400 Computer System equipped with Tektronix CRT display terminal), _he

use_ can manually select from displays the various experimental and utility

2-9



,_)dulus for the desired simulation. Tho EXEC Hodule then assumes.control and

generates a specific load module for the specified experiment. The selected

experimental module then presents a list of constants with numerical values

used in the calculations, and input variables required For the simulation.

Each of these Input variables has a default value on the display; however,

any or all of these values can be modified manually by the user through the

keyboard input. Once the numerical values of these dynamic input data are

defined (either the default or the modified ones), the simulation of the

specified experiment can be Initiated. The computation of the slmulated

experiment is completed with the display of a message requesting For an action

to be taken by the user. The user has the option to display the output in

either graphical format or hard copy listing of computed values of output

parameters. The option of selecting any of the output displays Is also pro-

vided to the user. This process continues until the user Is satisfied with

the run, and may elect to change the existing data and rerun the same simula-

tion. On the other hand, the control may be returned back to the EXEC Hodule

and the simulation of any other experiment can be performed in the same

sequence. For a more detalled description of the interactive graphic mode

operation, see Section 4.0.
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_)
SECTION3 - SYSTEH INPUT DESCRIPTION FOR BATCH MODE

e

The Input parameters required for operating the ACPL Slmuletlon System are

defined In a standard format of a card deck. Each experiment has its own

set of variables defined. This section describes the detailed format of

Input card decks used for simulating the proposed experiments.

3.1 EXECUTIVE INPUT STREAM

The present Input parameter required by the Executive Module Is the alpha-

numeric name Indicating the experiment to be simulated.

3.2 INPUT STREAH FOR VARIOUS EXPERIHENTAL MODULES

3.2.1 Adlabatic Expansion Hodule

The Adiabatic Expansion Hodule describes the cloud physics processes taking

place in the expansion chamber when the chamber wall temperature Is programmed

to follow the gas temperature. The model considers an Isolated parcel of gas

(no transfer of mass or heat energy between the parcel and its environment)

Initially containing air, water vapor, and condensation nuc]ei, and which is

subjected to changes in pressure. It computes the changes In temperature,

pressure, volume, supersaturation, and haze particle/droplet size.

Since every volume element In the chamber experiences the same sequence of

events, the initial volume of the gas parcel is arbitrary and can be chosen

in the model to provide a convenient set of units for particle concentration,

The _)del uses cgs units throughout, so the most convenient value for the

initial volume Is one cubic centimeter. All output concentration values are

given per cubic centimeter; however, if the user wishes to specify Initial

aerosol concentrations In some other set of units, he should specify the

volume unit as part of the Initial conditions (e.g., V0 - I000 if con-

centrations are the number per liter).

1
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The input conditions required to use the Adiabatic Expansion Module are:

1. The Initial chamber pressure (PRESSO) in millibars, temperature

(TEMPO) in OK, and parcel volume (V_LO) in cm3.

. The pressure and temperature of the saturator (PSATUR'and TSATUR,

respectively) which define the initial mixing ratio, in the same

units.

. The clock tlme at the beginning (TIMEO) and end (TIMEF) of the

experiment, the time step for Integration of the model equations

(DELTAT), and the tlme increment at which prlnted or graphical

output is desired (TMgUT), in seconds. For most purposes, the

initial time can be zero. However, later on, when sequences of

experiments uslng different chambers will be run, the actual time-

line values can be used as Inputs for mission planning purposes.

The integration time step DELTAT Is not currently needed, since the

model now uses a numerical Integration routine that chooses its

own time step. DELTAT can thus be left blank on the Input card.

However, It has been left in the program because a different

integration routine may be used in the future.

_o The thermal accommodation coefflclent (ALPHA), the condensation

coefficient (BETA) and the surface tension of water ($URFT). ALPHA

is generally assumed to be unity, but the value of BETA Is not at

all that well known, the most commonly accepted value being around

0.O3 to O.Oh. The surface tension of water Is about 75 dynes/cm;

a sub-routine has been provided In the model to calculate it more

accurately as a function of temperature and solute concentration,

but has not yet been implemented.

...

5. The option name for the Initial particle distribution (DISTOP).

o The parameters for the partlcle distribution.

a. Gaussian distribution: Number of particle classes (NCLASS), the

mean dry particle radius (AZER0) in centimeters, the halfwidth
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(ASIGHA) in centimeters, and the density of the aerosol (DENSTY) in grams

per cubic centimeter. The number of particles (NPART) for each class.

b. C & K Distribution: Number of particle classes (NCLASS), the total number of

aerosol particles (CONCEN), the C and K (CKCNST) wlth the range between 0.5

and !.5 inclusive. The critical supersaturation (SIGHAC) for each class.

Co User-defined Distribution: The number of particle classes (NCLASS). The

distribution of particles (NPART) and the critical supersaturation (SIGHAC)

for each class.

o

d. RLOGN Distribution: to be implemented.

Note that the number of particles (NPART) Is given per unlt of volume (VOL_) as

specified in (1) above, and the critical supersaturation (SIGMAC) for this class,

given in absolute value, not percent. (That is, SIGMAC - Sc Is the critical supeP

saturation ratio.)

The driving function for the experiment, e.g., the expansion rate vs. time.

Number of points to be entered for each option offunction Is presently limited

to 20. Several options are provided here. Reference Table 3-1.

a. Pressure vs. time: values of pressure at a discrete set of times, with

pressure assumed to vary linearly with time between these points.

b. Expansion rate vs. time: values of (constant) dP/dt for successive

time intervals.

c. Temperature vs, time: values of temperature at discrete points in time,

with linear variation from point to point.

d. Updraft vs. time: values of (constant) dz/dt for successive time intervals.

e. User function for the expansion rate: a sub-routine is provided wherein

the user can program his own curve of dP/dt vs. time.

The Input setup for the Adi _batic Expansion Hodule consists of the parameters shown

In Figure 3-1. Dlstributlor. parameters are shown in Figure 3-1a. The parameters

must be punched into Input data cards as delineated in the same figure. See Section

3.3 for 'procedure to run more tkan one experiment consecutively.
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3.2.1.1 Adiabatic Expansion Experiment Examples

Typical card input setup and format of all parameters are described in Figures 3-1

and 3-la. Figure 3-2 delineates values of input parameters which are common to all

examples (excluding the driving functions and the distribution parameters).

A total of seven examples are shown to illustrate various options. The first five"

examples provided show ways the driving function options may be used to slmulate the

Adiabatic Expansion. In these examples, the distribution option is the user-deflned

function. Two more examples are shown with the dP/dt vs. Time pressure option and the

Gaussian and C and K distributions.

Pressure Distribution

Example Pressure Option Option Name Distribution Option Option Name

I Pressure vs. Time PVSTIME

2 dP/dt vs. Time DPDT

3 Temperature vs. Time TVSTIHE

4 Updraft vs. TIME UPDRFT

5 dP/dt User Function PFUNCT
vs. Time

dP/dt vs. Time

dP/dt vs. Time

6 DPDT

7 DPDT

User-defined function USER

User-defined function USER

User-defined function USER

User-deflned function USER

User-defined function USER

Gausslan Distribution

C and K Distribution

GAUSSIAN

CANDK

(The pressure options are described in Table 3.1.)

3-4
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Table 3-1. Driving Functions Which Can Be Specified for
Adiabatic Expansion Simulatlon

ONE PARAMETER CARD MUST BE INPUT FOR EACH POINT (INPUT CARD #.7 AND
FOLLOWING)

OPT I ON PARAHETERS ENTERED UNITS

-Pressure vs. Time Pressure miillbar

(PVST I HE) Ti me seconds
,.. ..

-dP/dt vs. Time

(DPDT)

-Temperature vs. Time

(TVSTIME)

-Updraft vs. Time

(UPDRFT)

-Function defined
by user

(PFUNCT)
(See Note)

dP/dt

Time

Tempe ra tu re

Time

Upd ra f t

Time

Data input as required by
user's function

millibar/see.

seconds

degrees K

seconds

centimeter/see

seconds

NOTE: The user must submit a double precision function to
calculate dP/dt. This function must be Included with
the FORTRAN source deck. See Example 5.
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Ca r_! I :

Experiment Option

Card 2 :

In|tial Pressure

Initial Temperature

Initial Volume

Card 3:

Card 4:

Saturator Pressure

Saturator Temperature

Start Time

Finish Time

Time Increment

Output Time Interval

Card 5:

Thermal Accommodation Coefficient

Condensation Coefficient

Surface Tension

= ADIA EXP

" l,O00.mb.

- 293.15°K

- I. cm3

" I,O00.mb.

- 293.15°K

= O. seconds

= 100. seconds

= .005 second

- 1.0 second

- I.

- .03

" 75. (dynes/cm)

FIGURE 3-2. TYPICAL VALUES OF PARAMETERS WHICH ARE USED IN THE ADIA EXP

RUN (EXCLUDING THE DRIVING FUNCTION AND DISTRIBUTION FUNCTION)
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The first five examples include a graph of the driving function by a listing

of the input data cards. Reference Figures 3-3, 3-_, 3-6, 3-7, 3-9, 3-10, 3-12,

3-13, 3-15, and 3-17. In each of the listings, the first two lines indicate the

column numbers of the following Input data cards. Example 5 also includes the

FORTRAN User Function. Reference Figure 3-16.

In each case of the driving functions, the corresponding sample output of the

simulation run using the IBH S/360/75 is provided. Reference Figures 3-5, 3-8,

3-11, 3-14, and 3-18.

Examples 6 and 7 repeat the dP/dt driving function with different distribution

functions. Example 6 illustrates the Gausslan distribution function. Reference

Figures 3-18a and 3-18b for input and output respectively. Example 7 Illustrates

the C and K distribution function. Reference Figures 3-18c and 3.18d.
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PRESSURE TIHE

1,000. O.
880. 13.
88O 6O.
830. 70.
500. I00,

,,0

m

I=
v

t,,IJ

Z_

U')

O.

i ,500- -

I ,000

i I I I i I I I I I I I I I ! , ! I !

I i I t I ' I I I i I ' I '.1 I I ' I
I 0 20 30 40 50 60 . 70 80 90 1O0

TiME (SECOIIDS)

NOTE: Pressure at time t-O must correspond to initial chamber

pressure and end tlmeof the driving function must be greater
than or equal to finish time of the simulation.

Figure 3-3. Driving Function of Pressure vs. Time for Example 1 Run
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dP/dt Time

-2.3 13.
0.0 60.
-.5 70.

-4.0 100.

A

u

I._

_o
.Q

m

E

"I=

e_

-!

-2

-3

-4

NOTE:

0

I I I I I I I I I I
10 20 30 40 50 60 70 80 90 !O0

TIHE (Seconds)

For each point, enter the time at the end of the interval.
In addition, end time of the driving function must be greater
than or equal to finish time of the simulation.

In this example, dP/dt - -2.3 in the Interval 0-13 seconds,
so 13 is the time which is entered.

Figure 3-6. Driving function of dP/dt vs. Time in Example 2
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Figure 3-9. Driving Function of Temperature vs. Time for Example 3
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Figure 3-12. Driving Function of Updraft vs. Time for Example 4
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Thls example requires no further Input data; the function PFUNCT is
sufflclent. However, the user may submit a function requiring further
Input data.

Figure 3-15. Driving Function Specified by the User For Example 5
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3.2.2 Non-adiabatic Expansion Hodule

The Non-adlabatic Expnnslo, Module describes the process of heat and mass

transfers and the cloudphysics processes taking place in the expansion

chamber when the chamber wall temperature is not programmed to follow the

gas temperature. In this case, there will generally be both temperature and

concentration gradients in the chamber, This model thus subdivides the

space in the chamber into a grid of zones or cells, and computes the cloud

physics processes taking place in each cell while it is exchanging mass and

heat energy with adjacent cells.

The module currently uses a one dimensional array of cells; it approximates

the actual chamber geometry (a right heptagonal cylinder of finite l engtl_ ......

by either an Infinite circular Cylinder or a sphere at the option of the user.

The grid of cells thus consists of either concentric cylindrical or spherical

shells of finite thickness. For most purposes, the expansion chamber geometry

will be best approximated by an equivalent sphere, i.e., a sphere whose

radius is chosen to give the same time constant for heat conduction or vapor

diffusion at Its center. For the current ACPL design, this equivalent sphere

is 17 or 18 cmin radius.

The treatment of cloud physics processes is the same as in the expansion

chamber.

This module wlll eventually be capable of simulating experiments with any

sequence of wall temperature and chamber pressure changes. For the present,

it is restricted to a single type of experiment: the wall temperature is

held constant at its initial value; the chamber initially undergoes an expan-

sion at constant dP/dt for a specified time, after which the chamber is

sealed off, so that the total volume is held constant for the remainder of the

experiment.

/"

During the period of holding the total volume constant--the chamber is sealed--

the temperature of the wall can be varied. This specific capability--changing

the wall temperature--at present can be implemented through the usage of

3-61



•J
sub-program function (hard-coded) rather than the normal input. The DT_/ALL

function is temporarily provided to the user for defining the wall temperature

profile during the constant volume period.

This module allows multiple expansions of the gas parcel. The Initial chamber

temperature and pressure are specified and the wall temperature remains constant

at the initlal temperature. The gas is then expanded one or more times at

various dP/dt values (including dP/dt = _), or the chamber may be sealed for a

given time interval.

The input conditions required to use the Non-adiabatlc Expansion Module are:

I. The number of space grid points. (N.SPACE)_used in the module; an

index used to define the geometry of the model (KGEOH); and the spacing

between grid points (DZ). If the radius of the chamber Is Z, the

NSPACE is equal to Z/DZ+i. That is, the number of grid points is one

greater than the number of space intervals because the. grid points are

defined to be the end points of the cells. The model structure

requires NSPACE to be at least 3, but no larger than 2]. The Input

value of KGEOH is I for cylindrical geometry and 2 for spherical geometry.

2. The saturator temperature (TSATUR) in OK, and pressure (PSATUR) in

millibars (rob).

3- The initial chamber temperature (TZERO) In °K and Initial _ressure

(PZERO) in mb.

e The number of classes of aerosol particles (NCLASS) and the reference

volume (VZERO) used in the specification of initial particle con--

centratlons. If the particle concentrations are to be specified in

number per cubic centimeter, VZERO can be left black or input, and

the model will automatically set it to unity.

e The dlstrlbutlon of aerosol particles (number concentration) vs.

critical supersaturatlons, In exactly the same manner as given for

the Adiabatic Expansion Hodule.
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. The clock times at the beginning of the experiment (TMZER0), at the

end of the expansion phase (TIMEF), and at the end of the experiment

(TIMEND), and the time increment for output points (TIMOUT), all in

seconds.

7. The thermal accommodation coefficient (ALPHA) and thecondensation

coefficient (BETA).

8. The number of expansion phases (NMOPT).

The expansion option (OPT), the expansion rate (DPRATE) in mb/sec, and

the time at end of expansion in seconds for each of the expansion phases.

DPRATE is negative for an expansion.

The input stream for the Multiple Expansion Module consists of the parameters

deIineat_d in Figure 3-19. These parameters are input using punched cards. The

format of the data cards is described In Figure 3-20. Note that more than one

experiment may be run at the same time by submitting multiple input data sets as

described in Section 3.3.

3.2.2.1 Non-Adiabatic Expansion Experiment Example

An example is given to i|iustrate the simulation of the Non-Adiabatic Expansion

Experiment. The listing of the input data cards is given in Figure 3-21 with

the corresponding output |[sting shown in Figure 3-22.
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Pa ramete rs

Experiment name

Number of grid points

Geomet rlc confi gurat ion

Grid spacing

Saturator temperature

Saturator pressure

Initial chamber temperature

Initla] chamber pressure

Number of particle classes

Reference volume for determining

droplet concentration

For each class:

Number of particles

Critical supersaturation

Start time

Expansion duration

Finish time

Output time increment

Themal accommodation coefficient

Condensat ion coeffi ci ent

Number of Expansions

Expansion Option Name

Expansion rate

Time at end of expansion

Units

(designated. name for the Non-

adiabatic Expansion Experiment)

Cent i me t e rs

deg tees K

mi ] I i ba rs

degrees K

mi 11 i bars

seconds

seconds

seconds

seconds

'DPDT' or 'SEALED _

mllllbarslsecond

seconds

/P

FIGURE 3-19. NON-AD IABATI ¢ EXPANS I ON HODULE

PARAMETERS
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3.2.3 Static Dlffuslon Liquid Module

The Static Diffusion Liquid (SDL) Model is designed to simulate the processes

of heat and mass transfers, and the cloud droplet formatlon/evaporation taking

place In the chamber. The model Itself allows for the control of temperatures

of two opposing walls of the chamber. In addition, the simulatlon can be

done for either constant volume or varied pressure. In the case of the SDL

experiment, there will be both temperature and mass concentration gradients

existing within the chamber. This model subdivides the space within the

chamber into a series of grid zones or cells. At present, only one-dimenslonal

mlcroprocesses within and between these cells (in rectangu|ar coordinate system)

are considered.

The treatment of cloud physics phenomena remains the same as In the Expansion

Chamber,

At the beginning of the experiment, temperatures of the two walls are both

assumed to be equal to the initial temperature of chamber. The temperatures

of the two walls are varied simultaneously for a specified period of time.

ThereaFter, both temperatures are held constant until the end of the experiment.

During the total time of experiment_ the experiment can be simulated for either

the constant volume or varied pressure operation. For the varied pressure case,

the SDL Hodel can be used for simulating the operation of the rapid expansion.

With this operation, temperatures of both walls will be held constant, but

pressure is allowed to change rapidly.

No need Is required for specifying the saturator temperature and pressure for

the SDL Hodel since the gas within the chamber will 'come to equilibrium with

the plates at Initial temperature. However, a small modification of the exist-

ing SDL Model can be implemented, if such a need occurs.

The Input conditions required to use the Static Diffusion Liquid Hodule are:

1. The thermal accommodation coefficient (ALPHA) and the condensation

coefficient (BETA).
f
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3 o

e

The initial chamber temperature (TZERO) in OK, initial pressure

(PZERO) In mlllibars (mb), and the initial expansion rate (DPDT) in

mb/sec. (DPDT is negative for an expansion.)

The number of classes of aerosol particles (NCLASS) and the

reference volume (VZERO) used in the specification of initial

particle concentrations. If the particle concentrations are to be

speclfied in number per cubic centimeter, VZERO can be left blank

or Input, and the model will automatically set it to unity.

The distribution of aerosol particles (number concentration) vs.

crltlcal supersaturation, in exactly the same manner as given for

the Adiabatic Expansion Nodule.

e

o

The number of space grid points (NSPACE) used In the module, an

Index used to define the geometry of the model (KGEOM), and the

spacing between, grid points (DZ). If the width of the chamber is

Z, then NSPACE ls equal to Z/DZ+I. That is, the number of grid

points is one greater than the number of space intervals because

the grid points are defined to be the end point of the cells. The

model structure requires NSPACE to be at least 3, but no larger than

21. The input value of KGEOH is _ for the rectangular geometry used

in this model

The clock times at the beginning of the experiment (TMZERO), at the

end of the expansion phase (TIMEF), and at the end of the experiment

(TIMEND), and the time increment for output points (TIMOUT), all in

seconds.

/

o The duration of the plate temperature ramp (TMRAMP) in seconds, and

the ramp rates of the bottom and top plates (DTWl and DTW2, respec-

tively) in OK.
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.p. The Input ..trenm for the- Static Dlffuslon Liquid Module consists of parametc-rs

delineated inFIoure3-23. These parameters are input using punched cards.

The format of the data cards Is described in Figure 3-24. Note that more than

one experiment may be run at the same time by submitting mu|tip]e Input data

sets as described In Section 3.3.

3.2.3.1 Static Diffusion Liquid Experlment Example

An example is given to illustrate the simulation of the Static Diffusion

Liquid Experiment. The listing of the Input data cards is given in Figure

3-25 with the corresponding output listing shown in Figure 3-26.

/-
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Parameters

E:.cper i men t name

Thermal accommodation

coefficient

Condensation coefficient

Initial chamber temperature

Initial chamber pressure

Expansion rate

Number of particle classes

Reference volume for determining

droplet concentration

For each class:

Number of particles

Crltlcal supersaturation

Number of grid points

Geometric configuration

Grid spacing-

Start time

Expansion duration

Finish time

Output time increment

Duration of plate temperature ramp

Temperature rate change for

bottom plate

Temperature rate change for
top plate

Units

(Designated name for the

Static Diffusion Liquid
Experiment)

degrees K

mi ] 11 bars

ml I I i bars/second

cubic centimeters

centimeters-

seconds

seconds

seconds

seconds

seconds

degrees K/second

degrees K/second

Figure 3-23. Static Diffusion Liquid Module Parameters
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cA.___nn

I

2

Z

3

)

3

4

4

_4

N,S

_5

M,S

coLu_s PA_(TEA FO_-___!

I-8 [xpar Imnt Opt Ion All

1-10 Thermal eccmmodetlon coefficient FIO.5

11020 Condensat Ion coefficient IrIO.5

I-IO Initial chamher temperatuPe IrlO.5

11-20 Initial r.hamb4r pressure FIO.5

21o30 F_cpenl Ion race FIO.S

I-S Number of particle classes - H IS

6-1S Reference volume IrlO.5

I-IO M_r of particles In Che Ith IrlO.|
¢lesl within reference volmm

11-20 Critical supersi_urlt|on of the
Ith class
(I - I. 2. ] ........ ,1

1"5 Number of grid points IS

6-10 Geometric conflgurltl0n of the IS
chandxlr !

0 - Rectlngular Coord.

11-20 Grid splM:lng IrlO.S

!-I0 Start tim FIO.S

11-20 Expansion 0vret Ion FIO.S

21-30 finish Time IrlO.$

31-40 Output time Increment FIO'.S

1-10 Plate temperature ramp duration Ir|O.5

11-20 Bottom plate ramp rite FlO.5

21o)0 Top plate ramp rate FIO.S

SP(CIAL ¢ONSIO(RATiONS

SOL [XP

Right Justified In field

The Input reference volume
Is needed only If concentrltlems
ere expressed In units other
thin c¢. If initial concentra-
tions ere given In no/co, the
program eutommtlceily sets
this parameter to unity.

k:tu41 value, not Ixrcent

Right Justified In field

Right Justified In field

(FIe.5 Is standard FORTRANformat for I reel number In _d_lch IO Is the vldthof the field

and 5 specifies that there ere S digits to the right of the daclml pQInt. The number nay

be Input with or without a decimal point.)

.

Figure 3-24. Format of Input Data Cards for Static
Diffusion Liquid Simulation Run
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J 3.2.4 Contlnuous.Flow Diffusion (CFD) Module

The CFO Model Is designed to simulate a controlled environment where a single

variable (pressure (P), temperature (T), supersaturatlon).can be varied in-

dependently for the purpose of studying nucleation and early droplet growth

characteristics which occur in clouds, fogs, and smogs. The model itself

simulates a thermal and vapor diffusion phenomena taking place between the

two, parallel, partially-wet plates. A temperature difference is maintained

between these plates. The resulting diffusion of heat and water vapor from

the warmer toward the colder surface produces linear temperature and vapor

pressure gradients. Because the saturation vapor pressure versus temperature

curve (water In air) Is nonlinear, the actual water vapor pressure exceeds

the saturation vapor pressure resulting In a supersaturatlon near the midpoint

between the plates. Thus, the relative humidity (supersaturation) within the

CFD experiment is controlled by the temperatures of the two parallel plates.

The major features to be simulated can be summarized as follows. The aerosol

is centrally Injected at a short distance from the wet/wet section of the

chamber. With different ranges of discrete carrier flows and injected aerosol

settings, flexibility of the experiment can be maintained. The temperatures

of the two plates are ramped symmetrically about the peak supersaturation

point to minimize the transient supersaturations and to enhance data re-

duction. Each plate temperature can also be programmed individually.

The existing model as developed for Ph;se I is basTcaliya two-dimensional

steady-state one. The flow of the gas within the CFD Chamber is at present

assumed to have the velocity profile of parabolic function. (The flow model

of the fluid within the CFD Chamber is being developed in a separate sub-task.

This flow model wil1 be integrated into the CFD Model for computing the

velocity and pressure profiles within the chamber. The Integration of the

fluid model Is expected to be implemented in Phase II.) However, this model

considers heat conduction and vapor diffusion in both x-direction (parallel

to the flow_ and z-direction (perpendicular to the flow and between the upper

and lower plates).
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j The input conditions required to use the CFD I_d_le-are: ............

I. The thermal accommodation coefficient (ALPHA) and the condensation

coefficient (BETA).

2. The aerosol distribution name (ADIST).

3. The number of classes of aerosol particles (NCLASS).

Q For a user generated aerosol distribution: the distribution of

aerosol particle number concentration (NZERO) vs. critical super-

saturation (SIGMAC), in exactly the same manner as given for the

adiabatic expansion module,

or

For the CxS K aerosol distribution function where Sls critical

supersaturation: the total number of particles per CC In the

aerosol (ANBAR), the value of the exponent K In the distribution

(AK), the lower bound on the supersaturation (SHIN), and the

upper bound on the supersaturation (SHAX).

5. The CFD Chamber length (CFDLEN), the CFD plate spacing (CFDHT),

the CFD Chamber width (CFDWID), and the length of sample injection

slit (SLITLN).
i

6. The distance from chamber entrance to start Of wet-dry zone (start

of wlck surface on bottom plate, X_/i'DRY), the distance to start

of wet-wet zone (XqH'l_F), and the distance of sample injection point

(XINJ).

. The Initial chamber temperature (TZERO) in degrees K, initial

pressure (PZERO) In millibars (MB), the top plate temperature (TWI),

and the bottom plate temperature (TW2).
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So The number of space grid points (NSPACE) used in the module, the

saturator temperature for carrier gas flow (TSATUR), the saturator

pressure for carrier gas flow (PSATUR), and the volume flow rate of

carrier gas (CFLOW).

o The number of grld points used for sample gas flow (NSAMPL), the

sample gas temperature at injection point (TSAMPL), and the sample

gas dew point temperature (TDSMPL).

10. The space increment in flow direction for integration of model

equations (DX), and the space Increment at which ou'tput is desired

(DXOUT).

The Input stream for the Continuous Flow Diffusion Module consists of parameters

delineated in Figure 3-27. These parameters are input using punched cards. The

format of the data cards is described In Figures 3-28 and 3-29. Note .that more

than one experiment may be run at the same time by submitting multiple Input

data sets as described in paragraph 3.3.

3.2.4.] Continuous Flow Diffusion Experiment Example

Examples are given to illustrate the simulation of the Continuous Flow Diffusion

Experiment. The listings of the Input data cards are given in Figures 3-30 and

3-32. The corresponding output listings are shown in Figures 3-31 and 3-33.
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./

/z.

Parameters

Experiment Name

Units

(Designated name for the
Continuous Flow Diffusion
Experiment)

Thermal accommodation coefficient

Condensation coefficient

Aerosol distribution name

Number of particle classes for each class:

Number of particles

Critical supersaturation

Number of particles

Exponent (K)

Lower bound on supersaturation

Upper bound on supersaturation

" CFD chamber length CH

CFD plate spacing CH

CFD chamber width CM

Length of sample Injection slit CH

Distance from chamber entrance to start of CH
wet-dry Zone

Distance to start of wet-wet zone

Distance to sample injection point

Initial chamber temperature

Initial chamber pressure

Top plate temperature

Bottom,plate temperature

Number of grid points for carrier gas flow

Saturator temperature

Saturator pressure

Volume f|ow rate for carrier gas

Number of grid points for sample gas flow

Sample gas temperature at injection point

Sample gas dew point temperature at injection
point

Space increment in flow direction for CH
integration of equations

CH

CH

Degrees K

Hi 11 i bars

Degrees K

Degrees K

Degrees K

Hillibars

CC

Degrees K

Degrees K

Space Increment for output CH

Figure 3-27. Input conditions for Continuous Flow Diffusion Nodule
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J CARD__/

I

:

2

$

4

5

5

S

5

6

t

6

6

?

?

7

8

8

a

8

g

9

9

9

10

I0

l0

II

II

¢0tu_.__s

I-8

1-10

I 1-20

I-8

I-5

I-IO

I I °20

|1-30

31-40

I-I0

l IoiO

21"30

31-40

I-I0

I 1-20

11"30

l-lO

l I"20

21-30

31-40

l-tO

I 1-20

21-30

IS'gO

I-IO

l 1-20
i +

21-JO

l-lO

I 1-20

PAPJUqI_T(A PORIeAT

[xperlmnt opt Ion A|

Thermal accoi_etlon ¢oefflclunt IrlO.S

¢ondenlat Ion coef flclent FlO,S

Aerosol distribution name A8

lumber of pirtlila elegies I_

Total nlr of particles per C+ FlO.l
In the iirilol

Vilue Of the Exponent I In the ll0.S

distribution

Lciimr bound On the lupnrseturitlon lrlO.5

Upper bound on the lupersaturatlon IPIO.S

CFO chamber length FIO.5

¢FD plate spicing F|0.5

¢lrO chamber ildth FiO.S

Length of sample Injectlc_ slit Irl0.S

OIstenca fral chimber entrance tO FlO.S .
start of mS-dry zone

Distance to start of wet._vlt zone FIO.S

01stance to semlile Injection point FlO.S

Initial chamber temperature Fig.s

Initial ¢hiadiir pressure IrlO.S

Top plate telliplrlture llO.S

iOttii plate ttmperstura FIO.S

Nuidier of grid points used for I10
carrier gas fl0w

Saturator timperlture llO.S

Saturator pressure FIO,S

Volume fli_ rite of carrier gas FlO.S

Number of grid points used for IIO
son,lie gas flow

SInqile gas ton+peril/re, at llO.S
Inject Ic,_ point

Siinpla ill dew lint tilralurl FIO.S

Spice Inlremini In flow dlriitlon llO.S
for Integration of model
equal Ill

Sloe Increment it iihlch Output ll0.S
IS desl red

SPECIAL CONSIO[RATIONS

CFO [XP

¢*S TO K

Right Justified In field

(FIO.S li standard FORTRAN fornlt for a reel number In which I0 Is till width of the fllld

and S specifies thee there ire S digits to the right of the declIil point. The number Bay bl

Input with or without a decimal point.)

Figure 5-28. Format of Input Data Cards for Continuous Flow
Diffusion Simulation Run with CxS K Aerosol
Distribution
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CARD

I

2

2

3

1÷4

I+k

_5

_5

n*5

n*5

_6

_6

pt._.6

_7

_7

.*7

_7

_8

J_8

_8

_8

_9

J_

m.io

1_4,1o

COLUMNS

I-8

I'lO

I 1-20

I-8

I'S

IolO

I 1-20

I*I0

II-20

21-30

31-40

I-I0

11-30 +

II-30

I-I0

II-20

21-30

31-40

I-I0

II'20

21-30

31-40

I*I0

11-20

|1-30

I-tO

11o20

PARAMETER FOP./qAT

Eaperlmant option A8

Thermal act.ann)darien coefficient FIO.5

CcmndensatJon coefficient FIO-5

Aerosol dlstrlbutlcm name A8

Number of particle cllsses - H IS

Number of particles In the Ith class FIO.S

Critical supersaturation of the
Ith class

(I - i. 2. ) ..... .)

CFD chamber length FIO.5

CFD plate spacing FIO.S

CFD chamber width FIO.5

Length of sample Injection slit FIO.S

Distance from chamber entrance tO FIO.S

start of wet=dry lone

Oistanca to start of bmt-wet lo_e FIO,5

Olstence to simple Injection point FIO.S

Initial chamber temperature FIO.S

Initial chamber prelsure FIO,S

TOp plltl tlmplrltUrl F|O,S

BOttOm plate temperature FIO.S

Number of grid points used for I10
carrier gas flcM

Saturator teml_lrature FIO.5

Saturator pressure FIO.5

Volume flow rite of carrier gas FIO.5

Number of grid points used for I10

sample gas flow

Simple gas temperature at InJectlcm F10.5

point

Sample gel dl_ point temperature FIO.S

Space Increment In flow direction FIO.S

for Integritlc_ of model

equations

Space Increment at uhlch output FIO.S

Is desired

SPECIAL CONSIDERATIONS

CFD (XP

mvs sc

Right Justified In field

Actual value, not percent

Right Justified In field

Right Justified in field

(FIO.5 Is standard FORTRAN format for I real number In which IO Is the width of the

field end 5 specifies that there are 5 digits to the right of the decimal point. The

number may be Input with or without • decimal point.)

F Figure 3"29. Format of Input Data Cards for Continuous Flow
Diffusion Simulation Run with User-Defined
Aerosol Distribution '
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3.2.5 CFD Fluid Flow Module

3.2.5.1 Vertical Plane Fluid Model

The vertical plane fluid model calculates the streamlines and velocities

for a steady-state flow in a two-dlmenslonal isothermal CFD chamber in a zero

gravity environment. The dimensions of the chamber as well as" the f|owrates

of the carrier or sheath flow (CFLORT) and the aeroso1-1aden flow (AFLORT)

can be varied. Although the calculation is essentially two dimensional, the

width (WIDTH) of the chamber must be supplied in order to calculate in mean

fluid velocity from the flowrate. The width of the exit port (XWIDTH) is

also supplied for completeness, but is not used in the calculation. It is

assumed equal to the chamber width.

The elliptical injection manifold Is placed a distance (DOWNST) down-

stream of the chamber Inlet. A rectangular grid is placed over the chamber

with NY points in the vertical dimensions (large Y grid) and MZ points in

the longitudinal dimension (Z grid). Downstream of the center of the ellip-

tical Injection manifold, NS small $ grid points are inserted between the

first and second Y grid point. The first and last S grid points coincide

with the first and second Y grid points respectively.

The CFD vertical plane fluid model input parameters are described as

follows. All input quantities are assumed to be in CGS (centimeter-gram-

second) units.

1. The kinematic viscosity of the fluid (VISCK).

2. The carrier or sheath flow fiowrate (CFLORT).

3. The aerosol flowrate (AFLORT)

4. The chamber height or spacing between plates (HEIGHT).

5. The width of the chamber (WIDTH).

6. Total length from the chamber inlet to the downstream end of the exit

port (DIST).

7. The height of the throat or region In the elliptical injection manifold

where the aerosol-laden flow is formed (HOPEN).



d

8. The width of the throat (T_/IDTH).

9. The length of the throat (THROAT).

10. Axis of elliptical injection manifold in the vertical dimension (A).

11. Axis of elliptical injection manifold in the horizontal dimension (B).

12. The distance from the chamber inlet to the center of the elliptical

injection manifold (DOWI_IST).

13. The length of the exit port (XLEN). The program checks this length to

be sure the length Is long enough for a Poiseuille flow to develope. If it

is not developed, the proper length is calculated and the program aborted.

14. The height of the exit port (XHGT).

15. The width of the exit port (XWIDTH).

16. Hlnimum number of iterations to be+done (ITH!N).

17. Haximum number of iterations (ITHAX).

18. Convergence parameter (CONCRT) usually assumed to be 1.0 x 106.

19. The relaxation coefficient (RELAX) usually in the range of 1.0 to 1.4.

20. The number of grid points in the large Y grid (Ny)_ ....

21. The number of grid points in the small S grid (NS).

22. The number of grid points in the longitudinal Z grid (HZ).

23. The minimum number of S grid points In the throat height (NTHIN). The

throat height is enlarged to NTHIN+times .S gr|d_sp_cing if the,throat .......

height is less than that.

3.2.5.2 CFD Fluid Flow (Vertical) Calculation Examp1 _

This example is given to illustrate the calculation of flow fluid in the

vertical plane. The listings of input stream ape given|n Figure 3-36. The

corresponding output listings are shown in Figures 3-37 through 3-42.
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0.14
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2.00
2,,0

36.0
-15.0
7.400E-03

12.0
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0,,4
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1.00
- +21

51
101

VISCK FIO._ FLUID VISCOSITY
CFLORT -FIO._ CARRIER FLO_-RATE ........
AFLORT FIO.Z
hEIGhT

kIDTP

DIST

HOPE_

T_IDTH

THROAT

A

P

CC_NST

XLEN

XHGT

F10.5

F10.5

FIO._

E10.3 FELL THROAT HEI61-I CM

FIO.._ FULL THROAT I;IDIH ." CM

FIO._ THROAT LE f_GTH CI_
F1C._ ELLIPSE AXISfPEFPENDICULAR TO FLO I,) CP,
FIO._ ELLIPSE AXIS(PARALLEL TO FLO'J) CM
F10.3 LCCATIOI% OF CENTER OF ELLIPSE - CM
F10.3 LENGTI- CF EXIT PORT CM
F10.3 FELL PEIGFT OF EXIT PCRT CM

(CY-*.*_) 15 EC
AEROSOL FLOId RATE (CM**_)/SEC
FULL CHAMEEP HEIGHT CM
FULL CHJMEER LJIETH CM

TOTAL CI-AFBER LfTr_TI_(t;/ EXIT PORT)- CM

XWIDTH F10.3 FELL kIDTP CF E)II FORT

ITMIN I5 MINI_'LM rJUMPER CF ITERATIONS

ITP,AX IE MAXIMUM NUMBER OF ITERATIONS

CONCRT EJO.Z CONVERGENCE CRITERION

RELAX F10.3 RELAX _TION COEFFICIENT
kY I5 ...." I_UP,EER OF POINTS IN LkRGEY GRID

NS I5

MZ I5
NTMIN 15

CM

I_UI/BER CF PElleTS IN SMALL Y (S} GRIE
_tUMBER CF PCII_IS II_ Z (;RID
MINIMLM NUMBER CF GRIC POINTS IN IMRCAT

Figure 3-36. Input Card Image of Fluid Flow (Vertical) Calculation
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Fi gure 3-37. The progress of the calculation towards convergence is
i)rlnted after every iteration. The quantities printed
are Iteration number-(IT),-largest difference at any

"point (BIGDIF), sum of differences at all points (TOTDIF),
divergence code (IDIV), and convergence code (ICODE).
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Figure 3-38.

,,IOiIVERGENCI PAtimET|RS , = ....................... - ...... '

3.1_I_t RELAXATION ¢EFFICIENTI l=liik7

Description of chamber and fluids.. The parameters prLnted
here are not exactly the same as those which wer= input.

Some distances are rounded off for ease l.n locating chamber

_alls, the manlfold, etc.

J
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Figure 3-39. . Stream function, velocity components and vorticity upstream
of the elliptical injection manifold. In this region only
the large Y grid is used.
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Fi gure 3-40. Output In the nested grid region. The small Y grid
(S grid) describes flow In the throat while the large
Y grid describes flow over the ell iptical injection
mani fol d.
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Figure 3-41. Output downstream of elliptical InJection manifold. The

first and last points of the small Y grid (S grid)'coincide_
with the first and second points of the large Y grid.
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3.2.5.3 Horizontal Plane Fluid Flow Model

The Horlzontal plane fluid dynamics model calculates the streamllnes and

velocities for a steady=state flow in a rectangular chamber which empties into

a narrow exit port. The exit is assumed to be symmetrically located along the

chamber centerline. Once the streamline and velocities have been calculated,

residence times may be calculated for various paths. The path is specified

by its distance from the centerline at the Inlet (Z=O) and the initial and

final points of interest. It is possible to use either a no-slip or a uniform

flow boundary condition at the X boundary in the chamber. A no=sllp boundary

condition simulates a solid wall at the boundary while a uniform flow con-

ditlon approximates a several exit port configuration.

As currently designed, the program does not read an input file. The para-

meters are listed In subroutine INPUT and can be changed at any time The pro-

gram must then be recompiled before running. The parameters are listed below.

1. The kinematic viscosity of the fluid (VISCK)

2. Initial fluid velocity (WINIT).

2. Width of the CFD chamber (CWID).

4. Length of the CFD chamber (CLEN).

5. Width of the exit port (XWID).

6. Length of exit port (XLEN). The length of the exit port is tested to

insure that it is long enough for a Poiseuilie flow to be developed.

not, the proper length Is calculated and the program aborted.

7. The minimum number of Iterations to be done (ITHIN),

8. The maximum number of Iterations (ITMAX).

9- The convergence parameter (CONCRT).

10. Relaxation coefficient (RELAX). Not much is known about the relaxation

behavior of this program.

11. Number of grid points in the transverse grid (NX).

12. Number of grid points in the longitudinal grid (MZ).

13. Number of paths whose time length is to be calculated (JTIMES).

14. The distance from center|ine to initial points of Interest for time

calculation (XT_J)).

if
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15. The initial point of the section for which residence times are calculated

(ZBEG).

16. The final point of the section for which residence times are calculated

(ZEND).

17. Printout code (IPRINT) equals 1 if the values of stream function, vel-

ocities, and vortlcltles at each grid point are to be printed, O other-

wise.

18. The boundary condition code (IBC) if set to O for a no-slip boundary and

1 for uniform flow.

Figure 3-43 shows a typlcal listing of subroutine INPUT while Fig. 3-44

through Fig. 3-48 show the output from such a calculation.

j
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).2.6 SDL and CFD Models with Phoretic and Gravitational Motion

of Aerosols and Droplets

The preceding sections have described the formulation of the Phase I ACPL Cloud

Chamber Models. The present section begins the description of the Phase II

models. The first two tasks in the Phase II simulatlon program were the

modification of the SDL and CFD models to allow aerosol particles and cloud

droplets to move across the chambers in response to phoretic forces created by

gradients in gas temperature and composition and, optionally, in response to

gravitational forces. These models were developed in response to the needs of

the planned experiments on SDL-CFD comparisons in both zero-g and one-g

environments, and on phoretic motion of aerosols in the CFD.

The basic model equations developed in Phase I include an equation for the

movement of particles with the gas in the ACPL chambers. However, early

attempts to follow motions of cloud droplets in the Phase I models gave

physically unrealistic results, so they were deferred at that time. The

problem was basically that the numerical method used gave rise to non-physical

artifacts in the results. It has turned out that extensive changes in the

computer programs were required to avoid such artifacts.

These Phase II SDL and CFD models in effect supplant the corresponding Phase

I models. They give a more accurate simulation of the processes taking place

in these cloud chambers and offer more options to the user. Anyone using the

Phase I models should consider switching over to these models.

The input conditions required to use the Phoretic SDL Module are:

1. The thermal accommodation coefficient (ALPHA) and the condensation

coefficient (BETA).

2. The aerosol distribution name (ADIST).

). The number of classes of aerosol particles (NCLASS).
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.

For a user generated aerosol distribution: the distribution of

aerosol particle number concentration (NZERO) vs. critical super-

saturation (SIGMAC), in exactly the same manner as given for the

adiabatic expansion module,

of

For the CxS K aerosol distribution function where S is critical

supersaturation: the tota| number of partlcles per CC in the

aerosol (ANBAR), the value of the exponent K in the distribution

(AK), the lower bound on the supersaturation (SMIN), and the

upper bound on the supersaturation (SMAX).

A user supplied identifier of up to 8 alphanumeric characters,

used to label the output.

6. The number of grid points (NSPACE) used in the solution of heat

conduction and diffusion equations. Can take any value from 3

to 21. The distance between SDL Chamber prates is divided into

NSPACE-I regions of height DZ. The SDL grid spacing (SDLHT).

7. Time at the beginning of the experiment (THZERO), time at the

end of the experiment (TIMEND), tlme step for. integration of .......

model equation (DELTAT), and time interval at which printed

output is desired (TIHOUT), all in seconds.

.

.

10.

il.

Initial chamber temperature (both plates are assumed to be at

temperature TZERO at time THZERO), (TZERO) in OK, and initial

chamber pressure (PZERO) in millibars.

The duration of the plate temperature ramp (THRAHP) in seconds,

and the ramp rates of the botto_ and top plates (DTW! and DTW2,

respectively) in OK.

Time during which chamber pressure is controlled (TIHEXP), in

seconds, and rate of change of chamber pressure (DPDT).

KGRAV is set to zero for zero-g experiment simulation, or

KGRAV is set to one for one-g experiment simulation.
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12. A two-dlglt integer (IOPTN) specifies printed output options.

The permitted values are O, 1, 10, or |1.

If the first (tens) digit is:

one - a table of temperatures, mixing ratios_ supersaturatlons,

and concentrations of actlvited drops or a function of

position in the chamber is printed at each output point.

zero - only the chamber plate temperatures, the supersaturation

at the median plane of the chamber, and the total number

of activated drops per square cm of plate area are printed.

If the second (units) digit is=

one - a table of droplet concentrations vs. drop size and

position in the chamber is printed

zero - no droplet information is printed.

The input stream for the Phoretic Static Diffusion Liquid Module consists of

parameters delineated in Figure 3-36. These parameters are input using punched

cards. The format of the data cards is described in Figure 3-37. Notethat

more than one experiment may be run at the same time by submitting multiple

input data sets as described in Section 3.3.

3.2.6.1 Phoretic Static Diffusion Liquid Experiment Example

Two examples are given to illustrate the simulation of the Phoretic Static

Diffusion Liquid Experiment. The listings of the input data cards is given

in Figures 3-38 and 3-40, with the corresponding output listings shown in

Figures 3-39 and 3-41.
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Parameters

Experiment name

Thermal accommodation

coefficient

Condensation coefficient

Aerosol distribution name

Number of particle classes

Number of particle classes for

Number of particles

Critical supersaturation

of particlesNumber

Exponent (K)

Lower bound on

Upper bound on

User supplied output

Number of grid points

Grid spacing

Start time

Finish time

Integration time step

Output time increment

supersaturat ion

supersaturat ion

identifier

Units

(Designated name for the
Static Diffusion Liquid

each class:

centimeters

seconds

seconds

seconds

seconds

Phoretic

Experiment)

Figure 3-36. Input Conditions for Phoretic Static Diffusion Models
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Parameters

Initial chamber temperature

Initial chamber pressure

Duration of plate temperature

ramp

Temperature rate change for

bottom plate

Temperature rate change for

top pl ate

Time during which chamber

pressure is controlled

Rate of change of chamber

pressure

Gravity option

Printed output option

Units

degrees K

mi 1 1 i bars

seconds

degrees K/second

degrees K/second

seconds

Figure 3-36. Input Conditions for Phoretic Static
Diffusion Module (Cont.) .....
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CARD NO.

1

2

2

3

4

I+4

1,1-4

M+4

M+4

M+4

M+4

M+5

M+6

M+6

M+7

M+7

M+7

M+7

COLUMNS

1-8

1-10

11-20

1-8

1-5

1-10

11-20

1-10

11-20

21-30

31-40

1-8

1-5

11-20

1-10

11-20

21-30

3140

PARAMETER FORMAT

Experiment option A8

Thermal accommodation coefficient F1_5

Condensation coefficient F10-5

Aerosol distribution name A8

There are two options:

N vs SC -- User-generated distribution,

number concentration vs

critical supersaturation.

CoS to K -- Aerosol number concentra-

tion follows C'S'°K distri-

bution where S is critical

supersaturation.

Number of particle clesms - M 110

Number of particles in the Ith class F10.5

Critical supersaturation of the

Ith class

(1-1,2,3, .... M)

Total number of particles per F10.5

CC in the aerosol

Value of the exponent K F10.5

in the distribution

Lowmr bound on the -.

supersaturation

Upper bound on the F10.5

super,,aturation

User supplied name for A8

ontp,'t identification

Number of grid points 110

Grid spacing F1(_5

Start time F10.5

Finish time F10.5

Integration tim step F10.5

Output time increment F10.5

..... IF10.§

SPECIAL CONSIDERATIONS

PHOR SDL

Right justified in field

Right justified in field

Actual value, not percent

_" ..... • .I.- . .....

Right justified in field

Figure 3-37. Format of Input Data Cards for Phoretic
Static Diffusion Liquid Simulation Run
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CARD NO.

M+8

M+8

M+9

M+9

M+9

M+10

M+10

M+ 11

M+12

COLUMNS

1-10

11-20

1-10

11-20

21-30

1-10

11-20

10

10

10

PARAMETER

Initial chamber temperature

(Both plates are assumed to be

at temperature TZERO at time

TMZERO)

Initial chamber pressure

Pinta temperature ramp duration

Bottom plate ramp rate

Top plate ramp rata

Time during which chamber

pressure is controlled

Rate of change of cherub .aT..pressure

0 for zero-g experiment simulation

1 for ons-g experiment simulation

Specifies printed output options

1 - a table of temperature, mixing

ratios, superwturations, and

concentrations of activated drops

as a function of position in the

chamber is printed st each

output point.

0 - only the chamber plata tamperatures,

the supematuretion at the median plane

of the chamber, and the total number

of activated drops per sq cm of plata

area are printed.

1 - a table of droplet concentrations vs.

drop size and position in the chamber

is printed.

0 - no droplet information is printed.

FORMAT

F10.5

F10.5

F10.5

FI0.5

F10.5

F10.5

..........

110

I10

SPECIAL CONSIDERATIONS

(F10.5 is standard FOTRAN format for a real number in which 10 is the width of the field

and 5 specifies that there are § digits to the right of the decimal point. The number may

be input with or without a decimal point.)

Figure 3-37. Format of Input Data Cards for Phoretic
Static Diffusion Liquid Simulation Run (Cont.)
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The input conditions required to use the Phoretic CFD Module are:

l. The thermal accommodation coefficient (ALPHA) and the condensation

coefficient (BETA).

2. The aerosol distribution name (ADIST).

3. The number of classes of aerosol particles (NCLASS).

. For a user generated aerosol distribution: the distribution of

aerosol particle number concentration (NZERO) vs. critical super-

saturation (SIGMAC), in exactly the same manner as given for the

adiabatic expansion module, ...........................

or

For the CxS K aerosol distribution function where S is critical

supersaturation: the total number of aprticles per CC in the

aerosol (ANBAR), the value of the exponent K in the distribution

(AK), the lower bound on the supersaturation (SHIN), and'the

upper bound on the supersaturation (SMAX).

.

.

.

A user supplied identifier of up to 8 alphanumeric characters,

used to label the output.

The CFD Chamber length (CFDLEN), the CFD plate spacing (CFDHT),

the CFD Chamber width (CFDWID), and the length of sample injection

slit (SLITLN).

The distance from chamber entrance to stars of wet-dry zone (start

of wick surface on bottom plate, (XWTDRY), the distance to start

of wet-wet zone (XWTWT), and the distance of sample injection point

(XINJ).

So The initial chamber temperature (TZERO) in degrees K, initial

pressure (PZERO) in millibars (MB), the top plate temperature (TWI),

and the bottom plate temperature (TW2).
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Q The number of space grid points (NSPACE) used in the module, the

saturator temperature for carrier gas flow (TSATUR), the saturator

pressure for carrier gas flow (PSATUR), and the volume flow rate of

carrier gas (CFLOW).

]0. The number of grid points used for sample gas flow (NSAMPL), the

sample gas terperature at injection point (TSAMPL), and the sample

gas dew point temperature (TDSMPL).

11. The space increment in flow direction for integration of model

equations (DX), and the space increment at which output is desired

(DXOUT).

12. KGRAV is set to zero for zero-g experiment simulation or KGRAV is

set to one for one-g experiment simulation.

13. A two-digit integer (JOPTN) specifies printed output options. The

permitted values are 0, 1, 10, or ll.

If the first (tens) digit is:

one - a table of flow velocities, temperatures, mixing ratios,

supersaturations, concentrations of activated drops and

fluxes of activated drops as a function of position in

the chamber is printed at each output point.

zero - only the flow velocity and supersaturatlon along the

median plane of the chamber, and the total flux of

activated drops through the chamber are printed.

If the second (units) digit is:

one - a table of droplet concentrations vs_ drop size and

position in the chamber is printed.

zero - no droplet information is printed.

The input stream for the Phoretic Continuous Flow Diffusion Module consists of

parameters delineated in Figure 3-42. These parameters are input using punched

cards. The format of the data cards is described in Figure 3-43. Note that

more than one experiment may be run at the same time by submitting multiple

input data sets as described in paragraph 3.3.
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3.4.10 Phoretic Continuous Flow Diffusion Experiment Example

Examples are given to illustrate the simulatlon of the Phoretic Continuous Flow

Diffusion Experiment. The llstings of the input data cards are given in Figures

3-44 and 3-46. The corresponding output listings are shown inFigures 3-45

and 3-47.
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Pa ramete rs

Experiment Name

Units

(Designated name for the Phoretic

Continuous Flow Diffusion Experiment)

Thermal accommodation coefficient

Condensation coefficient

Aerosol distribution name ..

Number of particle classes for each class:

Number of particles

Critical supersaturation

Number of particles

Exponent (K)

Lower bound on supersaturation

Upper bound on supersaturation

User supplied ,name totabel, output ......................... -, ,= ..........

Degrees K

Millibars

Degrees K

.....pegre_. K .......

Degrees K

Millibars

CC

Deg tees K

CFD chamber length CM

CFD plate spacing CM

CFD chamber width CM

Length of sample injection slit CM

Distance from chamber entrance to

start of wet-dry zone

Distance to start of wet-wet zone CM

Distance to sample injection point .... CM

Initial chamber temperature

Initial chamber pressure

Top plate temperature

Bottom plate temperature

Number of grid points for carrier

gas flow

Saturator temperature

Saturator pressure

Volume flow rate for carrier gas

Number of grid points for sample

gas flow

Sample gas temperature at
injection point

Figure 3-42. Input Conditions for Phoretic Continuous
Flow Diffusion Module
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Parameters Units

Sample gas dew point temperature Degrees K

at injection point

Space increment in flow direction CM
for integration of equations .--

Space increment for output CM

Option to do a zero-g experiment simulation, or a one-g

experiment simulation.

Printed output options.

Figure 3-42. Input Conditions for Phoretic Continuous
Flow Diffusion Module (Cont.)
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CARD NO.

1

2

2

3

4

1+4

1+4

M+4

M+4

M+4

M+4

M+5

M+6

M+6

M+6

M+6

M+7

M+7

M+7

COLUMNS

1-8

1-10

11-20

1-8

1-5

1-10

11-20

1-10

11-20

21-30

31-40

1-8

1-10

11-20

21-30

3140

1-10

11-20

21-30

PARAMETER

Experiment option

Thermal accommodation coefficient

Condensation coefficient

Aerosol disUibution name

There are two options:

N vs SC -- User.generated distirbution,

number concentration vs

critical supenmturetion.

CeS to K - Aerosol number concentrl-

tion follows CeS°'K distri-

bution where S is critical

supersaturation.

Number of particle classes- M

Number of particles in ll_s Ith class

Critical supersaturation of the

Ith class

(1- 1,2,3, .... M)

Total number of particles per

CC in the ourosol

Value of the exponent K in

the distribution

Lower bound on the

supersaturation

Upper bound on the

supanmturation

User supplied name for output

identification

CFD chamber length

CFD plate spacing

CFD chamber width

Length of sample injection slit

Distance from chamber entrance to

of w_-d_ zorn

Distance to start of wel_Wat zone

Distance to sample injection point

FORMAT

A8

F10.5

F10.5

AS

110

F10.5

F10.5

F10.5

F10.5

F10.5

A8

F10.5

F10.5

F10.5

F10.5

F10.5

F10.5

F10.5

SPECIAL CONSIDERATIONS

PHOR CFD

Right justified in field

Right justified in field

Actual value, not percent

Figure 3-43. Format of
Continuous
Experiment

Input Data Cards for Phoretic
Flow Diffus_on Simulation



CARD NO.

M+8

M+8

M+8

M+9

M+9

M+9

M+9

M+10

M+10

M+10

M+ 11

M+11

M+12

M+13

COLUMNS

11-20

21-30

3140

1-10

11-20

21-30

31-40

1-10

_1-a0

21-30

1-10

11-20

10

PARAMETER

Initial chamber pressure

Top plate temperature

Bottom plate temperature

Number of grid points used for

carrier gas flow

Saturator temperature

Saturator pressure

Volume flow rate of carrier gas

Number of grid points used for

sample gas flow

Sample gas temperaturoatk_L'tJcm

point

Sample gas dew point temperature

Space incnunent in flow direction

for integration of modal

eCltmtions

Space inc_ment at which output

_1ck_rad

Zero for zero-g experiment

simulation

One for cme-g experiment

simulation

Specifies printed output options

One - • wble of flow velocities,

tmnperlturm, mixing ratios,

imperumradons, c:om:onlmmtiam

of oetivated drops and fluxes of

activated drops m a run.ion of

position in the chamber is printed

at each output point.

FORMAT

F10.S

F10.5

F10.S

110

F10.5

F10.5

F10.5

SPECIAL CONSIDERATIONS

Right justified in field

110 Right justified in field

F10.5

F10.5

F10.5

110

I10

I10

Figure 3-43. Format of
Continuous
Experiment

Input Data Cards for Phoretic
Flow Diffusion Simulation
(Cont.)
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CARD NO. COLUMNS PARAMETER FORMAT

M+13 9 Zero - only the flow velocity and 110

supersatuation along the median

plane of the chamber, end the "

total flux of activated drops

through the chamber are printed.

10 One - a table of droplet concenUa-

tion versus drop size and position in

the chamber is printed,

10 Zero - no droplet information is

printed.

SPECIAL CONSIDERATIONS

(F10.5 is standard FORTRAN format for • real number in which 10 is the width of the field and 5 specifies that there are

5 digits to the right of the decimal point. The number may be input with or without • decimal point.)

Figure 3-43. Format of Input Data Cards for Phoretic
Continuous Flow Diffusion Simulation
Experiment (Cont.)
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3.2.7 Two-Dimensional Static Diffusion Liquid Model

Previous SDL models used only a single space dimension, the coordinate normal

to the chamber plates (here labelled the Z-coordinate). In other words, these

models assumed that gradients in the values of all variables in'the coordinate .

parallel to the chamber plates were negligible. For studies of droplet forma-

tion on a uniformly distribured aerosol, in regions away from the edges of the

chamber plates, this assumption introduces little error. However, experiments

have now been proposed which depend essentially on the effects of gradients in

the radial coordinate. These experiments are of two basic types. In the first

type, a single ice partic]e will be grown near the center of the chamber. In

the second, a "thermal probe", whose temperature can be varied independently of

the-- ch-amber plate £emp4ra_bt_S,"WtTrl_-"tnserted into thecenter-of-the-cffambee, ......

The model describes a cylindrical section of the SDL chamber, bounded on its

upper and lower surfaces by the chamber plates, and centered on the axis of

syn_netry of the chambed. I_ is an axisymmetric model; angu|ar variations are -

neglected. The coordinate normal to the chamber plates is again the Z-coordinate.

The primary difference between this model and previous SDL rnodels is the numerical

approach to solution of the heat conduction and vapor diffusion equations in

these coordinates. Droplet nucleatidn and growth are-treated exactly as in'

earlier models. The model provides for insertion of a cylindrical thermal

probe concentric with the axis of symmetry. A model of ice particle growth

has not yet been incorporated in the program.

The input conditions required to use the Two-Dimensional SDL Model are:

1. The thermal accommodation coefficient (ALPHA) and the condensation

coefficient (BETA).

2. The aerosol distribution name (ADIST).

3. The number of classes of aerosol particles (NCLASS).

4. For a user generated aerosol distribution: the distribution of

aerosol particle number concentration (NZERO) vs. critical super-

saturation (SIGMAC), in exactly the same manner as given for the

adiabatic expansion module,

or

- 3-199



For the CxS K aerosol distribution function where S is critical

supersaturation: the total number of particles per CC in the

aerosol (ANBAR), the value of the exponent K in the distribution

(AK), the lower bound on the supersaturation (SHIN), and the

upper bound on the supersaturation (SHAX).

5. A user supplied identifier of up to 8 alphanumeric characters,

used to label the output.

6. SDL chamber plate spacing, in Centimeters (SDLHT), and number of

grid points (NSPACE) desired in the Z-direction (normal to plates).

Can take any value from 5 to 21. If DZ is the desired grid spacing

(in CM), them SDLHT = (NSPACE-I)*DZ.

8. Radius of cylindrical region to be modeled (SDLWID).

Maximum grid index (MSPACE) in the X-direction (radial). If DX

is the desired grid spacing in the X-direction, then SDLWID =

(MSPACE- I)*DX.

Minimum grid index in the radial direction (MMIN). For simulation

of a thermal probe experiment, MMIN must be greater than one. If

so, the radius of thermal probe is (MMIN-1)*DX. If MMIN is blank

on the input card, the progr_m set_$tMl_l to !. J.f HffI.B---l_.,the_ are. ....

no gradients in the radial direction in this model and the results

will be a function of Z only. The option MMIN=I will be needed,

however, for incorporation of the ice crystal growth simulation.

The maximum value for MSPACE is 41. MMIN can take any value less

than MSPACE-4.

9. Time at the beginning of the experiment (TMZERO), time at the end

of the experiment (TIMEND), time step for integration of model

equations (DELTAT), and time interval at which printed output is

desired (TIMOUT), all in seconds.

lO. Time during which chamber plate temperatures are changing (TMRAMP),

in seconds, rate of change of top plate temperature (DTWi), and

rate of change of bottom plate temperature (DTW2), in degrees K/second.
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11. Initial chamber temperature (TMZERO) (both plates are assumed to

be at temperature TZERO at time TMZERO), and initial chamber

pressure (PZERO).

The input stream for the Two-Dimensional Statis Diffusion Liquid Module consists

of parameters delineated in Figure 3-48. These parameters are input using

punched cards. The format of the data cards is described in Figures 3-49.

Note that more than one experiment may be run at the same time by submitting

multiple input data sets as described in paragraph 3.3.

3.2. 7.1 Two Dimensional Static Diffusion Liquid Experiment Example

Examples are given to illustrate the simulation of the Two-Dimensional Static

Diffusion Liquid Experiment. The listings of the input data cards are given

in Figures 3-50 and 3-52. The corresponding output listings are shown in

Figures 3-51 and 3-53.
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Parameters

Expe r i men t Name

Un its

(Designated name for the Two-

Dimensional Static Diffusion Liquid

Experiment)

cart i,mete r.s

Therma 1 accommodat ion

coefficient

Condensation coefficient

Aerosol distribution name

Number of particle classes for each class:

Number of particles

Critical supersaturation

Number of particles

Exponent (K)

Lower bound on supersaturation

Upper bound on supersaturation

User supplied output identifier

SDL chamber plate spacing

Number of grid points in the
Z-di rect ion

Radius of cylindrical region to
be modeled

Maximum grid index in the
X-direction (radial)

Hinimum grid index in the radial
d i rec t i on

Time at the beginning of the

expe r imen t seconds

Time at the end of the

exper i ment seconds

Time step for integration of

model equat ions seconds

Time interval at which printed

output desired seconds

seconds

degrees K/second

..... Time during which chamber plate
temperatures are changing

Rate of change of top plate

temperature

Figure 3-48. Input Conditions for Two-Dimensional Static
Diffusion Module
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Paramete rs

Rate of change of bottom plate
temperature

Initial chamber temperature

Initial chamber pressure

Un its

degrees K/second

degrees K

millibars

Figure 3.48. Input Conditions for Two-Dimensional Static

Diffusion Module (Cont)
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CARD NO.

1

2

2

3

4

1_,4 -

14,4

M_4

M+4

M+4

M+4

M+5

M+6

M+6

M+7

M+7

• M+7

M+8

COLUMNS

1-8

1-10

11-20

1-8

1-5

1-10

11-20

1-10

11-20

21-30

3140

1-8

1-10

11-20

1-10

11-20

' 21-30 ....

1-10

Figure 3-49.

PARAMETER FORMAT SPECIAL CONSIDERATIONS

Experiment option A8 SDLZD

Thermal accommodation coefficient F1_5

Condensation coeffk=ient F10.5

Aerosol distribution name

Them ere two options:

N vs SC - Use_genemted distribution,
number concentnltion vs

critical supersaturation.

CeS to K - Aerosol number concentration

follows Ceseeg distribution

where S is critical supersat-

uration.

A8 Right justified in field

Number of panicle calss_ - M 15 Right justified in field

Number of panici_inthe Ith class ,_ - .F10.5 .................................

Critical sup0nmturation of the

Ith clm

(1-1, 2, 3 .... M)

Actual value, not percent

Total number of particles per F10.5

CC in the aercaal

Value of the exponaot K F10.5

in the distribution

Lower bound on the

mponmuration

F10.5 J

Upper bound on the F10.5

supersaturation

User supplied name A8

for output Identification

Chamber plate spacing F10.5

Number of grid points in 110

the Z-dim:tion

Right justif'md in field

Radius of cylindrical region F10.5

to be modeled

Maximum brid |ndJx in the 110

X-direstion (radial)

...... Right justiflad in field

Minimum grid index in tl_

radial direction

r_ 110". _ ' :' i i _: Right justirmd in field

Time at the beginning of the F10.5

experiment

Format of Input Data Cards for Two-
Dimensional Static Diffusion Liquid
Simulation Run
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CARD NO.

M+8

M+8

M+8

M+9

M+9

M+9

M+10

M+10

COLUMNS

11-20

PARAMETER FORMAT SPECIAL CONSIDERATIONS

Time at the end of the F10.5

experiment

21-30 Time step for intsgration of F10.5

model equations

31-40 Time interval at which printed F10.5

output is desired

1-10 Time during which chamber F1(_5

plate temperatures are

changing

11-20 Rate of change of top plate F10.5

temperature

21-30 Rate of change of bottom F1_5

plate temperature

1-10 initial Chamber Temperature F1_5

(Both plates era assumed to be

at temperature TZERO at time

TMZERO)

11-20 Initial Chamber Pranure _ F1_5

(F10.5 is standard FORTRAN format fore real number in which 10 is the width of the f'mld

and S specifies that there am 5 digits to the right of the decimal point. The number may be

input with or without • decimal point.)

Figure 3-49. Fomat of .Input Data Cards for .Two. ......
Dimensional Static Diffusion Liquid
Simulation Run
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3.2.8 CFD Fluid Dynamics Module

Great care must be used when working with the three-dimensional fluid dynamics

program which simulates the exit flow of a continuous flow diffusion chamber.

Since three convergence parameters, TOLW (velocity), TOLphi (velocity potential),

and TOLPR (pressure), are used, coupling between convergence levels is in

inevitable and regrettable, not very well understood. If all three tolerances

are not with some range where convergence occurs, the calculation will diverge

and eventually overflow. To lessen the ordeal, it is suggested that the

program be run without PLOG, the pressure fluctuation subroutine, in order to

find initial values for the values for the convergence parameters. (Such a

program already exists and is called TDF.) Once this has been done, the

convergence values found using TDF may be fine tuned using TDFI, a program

which includes the pressure fluctuation.

Recent results have indicated that the flow field found from TDF is very close

(2-3_ difference) to that obtained with TDFI. Typical run time on the Prime

400 are 1½ hours for TDF and 2¼ hours for TDFI. Use of TDFI is only necessary

if a very good approximation for the flow field is needed.

Both programs use the same data set on channel 5. A typical data set is

shown in Figure l. The function of each input is shown in Figure 2.

If TDF does not reach the desired level of convergence without diverging,

increase the chamber length (GLEN) and rerun the program. If the velocities

on the wall away from exit port are greater than i X I0 -L times the average

velocity (WAVE), increase the number of grid points (LW) in the chamber. It

may be necessary to change the dimension of the computational arrays since

the X, Y, and Z components are dimensioned 21, 21, and 31, respectively.

Also one check in subroutine grid must be changed to be consistent with the

new dimensions.

Once acceptable levels of convergenc9 and wall velocities are obtaine _ fro m

TDF and it felt running TDFI would be beneficial, the convergence parameters

should be fine-tuned trying to achieve convergence from TDFI.
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The program outputs are in three sections. First comes iteration data which

is output while the program is running, second is a listing of input data,

and third is the velocity and pressure fields. The velocity and pressure

fields are output on XY plane at a time starting with the first or L=I plane

and continuing past the constriction to the downstream end of the exit port.

The values of velocity on the walls are always printed.
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J.

"$.3 INPUT DECK SEllJi'

The Input deck cc)n,_l_t_ of I) FORTRAN source programs and sub-programs of the

ACPL Simulation System and 2) Input data cards. See Section 5 for placement

of these decks in i:he JCL run setup..

3.3.1 FORTRAN Source Deck

The FORTRAN source deck requires modification only when the Adiabatic Expansion

Experiment Is run with the driving function option PFUNCT. In this case, the_

user must provide a double precision function named PFUNCT as described in

example 5 of Section 3.2.1.1.

3.3.2 Input Data Cards

One complete set of Input data cards must be submitted for each experiment run.

As many experiments as the user desires may be performed by attachlng one data

set module for each experiment.

3.3.3 Example of MultiRle ExRerlments Set Up in One Run

In this example, three experiments are performed in the same run. See

Figure 3-34fortnput-and Figure 3-35 for. o_t_ut. _T_f_Lr3_P._p#_iment is an

Adiabatic Expansion as denoted by the card ADIA EXP followed by data cards.

The second experiment is Non-adiabatic Expansion as denoted by the card NADI

EXP, followed by the Non-adiabatic Expansion data cards. The third case is a

Static Diffusion Llqul_" _xp_rlment simulation r_Jr_ as ,de._oted by, thc_ar_ ......................

SDL EXP. This card is followed by the appropriate input data cards. The

STOP SIM terminates the data input for al| runs.
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SECTION 4 - INTERACTIVE HODE OPERATION INSTRUCTIONS

The following describes the operation of the ACPL Simulation System in the

lnteractlve graphics mode. The interactive system must first be Inltlallzed.

Procedures requlred for starting up and operatlons of the Interactlve graphic

capability (as Implemented for the PRIHE 400 Computer System) are described

in the followlng subsections.

4.1 INITIATION OF GRAPHIC DEVICES

4.1.1 Power Up

For operation under the PRIHOS system, the Tektronix 4014 terminal's front

panel controls should be set in t_e followlng states: - -.

POWER
LOCAL LINE
ASC I I/ALT
ALT
1
2
3
1 OFF 2
FULL
RELEASE
AUTO PRINT COPY OFF
TTY
LOCK

-ON
-LINE
-ASCII
-NA
_'LE-FT SIDE DOWN
-RIGHT SIDE DOWN
-RIGHT SIDE DOWN
-OFF
-NA
-RIGHT SIDE DOWN

-DOWN

The hardcopy unit is turned on and.theJl.ght-dark control knob should be

Initially set at a point half way between llght-dark.

4.1.2 LOGIN

once the Tektronix term|nai Is powered "up and the PRIHOS system Is in operation,--.

the PRIHOS will respond to the break key by printing "QUIT" on the screen. Then

the user may enter LOGIN DAN, and press the return key. The PRIHOS will ac-

knowledge when it has completed log in procedure and will print "OK," on the

screen. OK, signifies that PRiHOS is ready for keyboard commands. The

ACPL system may then be run thereafter.

4-1



J
4.2 CONTROL PROCEDURES

PRIMOS Is ready for keyboard commands to control the ACPL Simulation System

after "OK," is displayed on the screen.

)
,/

The ACPL Simulation System may be run using existing Input, In a file named

DATA, or the user may read his own data In.

The system has an Interactive capablllty for changing input-so _hat-4n most

cases it w111 be more convenient to change the existing data rather than

Create and read In a new Input data deck.

The TO11owlng controls provldE-away_for useT¢o execute the-programusTng ..................

the Input data file that was created from user Input changes made during a

previous execution.

Keyboard Entry

CNAME DATA,DATSAV

CNAME NEWDAT,DATA

CNAME DATA,NEWDAT

CNAHE DATSAV,DATA

Comments

Saves current data in file named
DATSAV.

Changes name of new data, NEWDAT,
to DATA.

Restores data flies to what they
were before the above two entries
were made.

To read In input data, che-user-_s o_ theca_r_.rr_>lac4c,-t_J_n_ut ...... .........

deck (with a blank card as the last card) Into the card reader and depresses

the reset button. Then the user enters CO ACPL and presses the return key.

The PRIMOS system then reads In the input deck and begins program execution.

Programexecutlon may be*halted" at any time by Txressing the break key, ................ . _?.

If an error is made in typing In an entry, then type "?"; thereafter,

depress the return key, and then re-type the_ entry.

Various outputs of the simulation can be displayed.

optlonaI plot outputs.

4-2
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J

o Inquires to the user .......

o Symbol definitions, constant.values, and Initial values.

o Input data for adiabatic expansion.

o Plot of radii and S-1 vs. time.

o Plot of pressure vs. time.

o Plot of volume vs. time.

o Plot of temperature vs. time.

o Plot of NW vs. time.

o Plot of NV vs. time.

O

O

O

O

Plot of NG vs. time.

Droplet radii time history.

Pressure, volume, S-l, and temperature time history.

I_/, NV, and NG time history.

User's response is required every time the termlnal bell rings. The program

also has pauses to allow the user to get a hardcopy of each of the seven

displays. -To get a hardcopy, prer, s Lhe..keybo_d_.ha_dcopy button_then_ress .........

the return key to continue. If hardcopy is not needed, press return key to

continue.

The first screen d-tsp4ay (Figure _-1)]-Ist_z_u_.xpe£J_-n_al_.moduIeLwhl_...m@._ ................

be executed, and a title and date appearing on a subsequent screen display, and

the experimental module to be executed. Useras response after each sound of bell:

o Enter title that Is to appear on subsequent displays, and press return

key to continue.

o Enter date that is to appear in subsequent displays, and press return

key to continue.

o Enter user entry code.

o Press the keyboard hardcopy button to get a hardcopy, and/or return

key to continue.

The second screen display (Figure 4-2) then appears.

definitions, constant values, and initial values.

It is a list of symbol
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User's response after sound of bell:

0 Press the keyboard hardcopy button to get a hardcopy, and/or
/

return key to continue.

The third screen dlsplay(Figure 4-3) then appears. It lists changeable

Input Items,

User's response after sound of bell: -- ..............

o Press the keyboard hardcopy button to get a hardcopy, and/or

press return key to continue.

The fourth screen display (Figure 4-4) then appears. It i.s an Inquiry to

the user,

User's response after sound of bell:

o Enter letter G and press return button to continue on to the next

screen display, or enter letter C and press return button to change

any of the Inputltems shown on the third screen display.

O

O

Enter a three-digit number corresponding to the line Item to be

changed and press section key.

Enter new vaiue- to _ormat =pec.i-f.led-on. the scr__.en, (D],6,.9...o.rJ,_) .......................

o Enter the letter F and press the return key to continue on to the

next required response, or press return key to go back to 9.

0 Enter the letter O to display the third screen display again, wlth

new Input values, press hardco'py key to get a hardcopy, and/or

press return key to continue.

After G is entered In Figure 4-4, the fifth screen display (Figure 4-5)

appears if user has made changes to the input data. He enters Y and

presses return key to save his Input data changes, and contlnues program

execution,

4_6
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The sixth screen display (Figure 4-6) then appears. It asks the user to

specify procedure options and tells him how to terminate the run, or continue

sequentially. User's response:

o Press return key to continue sequentially, or, enter user entry

code, or, press break key to terminate.

The sixth screen display reappears after each output item is completed.

4.3 PLOT DISPLAY OPTIONS

Once the Procedural Options display (Figure 4-6) appears and a bell rings,

the user may enter any one of the digits ! through 9 to get a particular

plot display. A bali will ring after each completion of screen dlspiay'

then the user may make a hardcopy by pressing the hardcopy key, and/or press

the return key to continue. Each of the optional displays, as listed In

Figure 4-6, is illustrated in Figures+4y7 through 4-]6 ..

4.4 NUHERICAL DISPLAY IMAGES

After this screen display appears and a bell rings, the user may enter 10

"and press the return key'to_dfspI_numerlcal values-.In._+fot_-._ A J_eJl ...................

will ring after each completion of screen display, then the user may make

a hardcopy by pressing the hardcopy key, and/or press the return key to

continue. (Reference Figure 4-6.)

4.5 ACPL SIHULATION SYSTEH DISPLAYS

4.5.| Initial ACPL Simulation Run Display

To be added. .........

4.5.2 ACPL Operation Hode Selection Display

To be added.
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SECTION 5 - JOB CONTROL LANGUAGE (JCL)

The JCL necessary to run the ACPL Simulation Hodels from a library on the

IBM 360-75 Is given in Figure 5-I. In this example,_the ACPL program is

stored In a user llbrary named ACPL.LOAD.MODULE on dlsk DSO002. The FORTRAN

library Is stored In SYSI.FORTLIB.

The JCL consists of three sections:

o Compilation - The driver program ls compiled, loaded, and

executed with the FORTHCLG card (card 2).

o Linkageedit -_Li'-nkage with the pr_j,rarm_-L_t_h_.ACPL.user

llbrary and with the FORTRAN library is achieved wlth cards

4, 5, and 6 below.

o ExeEutlon ; Execution is compieted'wiCt_¢he GO.SYSIN card to ...........................

Input data (card 7).

The delimiter card (card 8) denotes the end of the Input data.

The JCL necessary to run the ACPL Simulation Hodels from a source deck is

given in Figure 5-2.

The JCL consists of two sections:

o Compilation - The driver program is compiled, loaded, and executed

with the FORTHCLG card (card I).

o Execution - Execution is completed with the GO.SYSIN card to input

data (card 3).

The delimiter card (card 4) denotes the end Of the input data.
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_7

/_SETUP DS0002
// EXEC FORTHCLG, REGION. GO=_50K
//FORT. SVSIN DO m

EXECUTIVE.(FORTRAN) MODULE ........•........

(DRIVER FOR THE ACPL SIMULATION)

//LKED. SVSL IB DD ....DSN=P.CPL. LORD_ _ODU_E_ _ I_.5_, VOL=SER_qSoo02_ ......
// DISP=SHR

// . DD DSN=SVSI. FORTLIB, DISp=SH_ "
//GO. SVSIN DD

I INPUT DATA FOR THE ACPL SIMULATION I .

/,w

Figure 5-1. JCL Run Stream Uslng ACPL Library
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// EXEC FORTHCLG, REGION. GO=i4OK
//FORT. SYSIN DD

FORTRAN SOURCE DECK

(EXECUTIVE AND EXPERIMENTAL MODULES)

//GO. $VSIN DD

INPUT DATA FOR THE ACPL SIMULATION

,Figure 5-2. JCL Run Stream Using the Source Deck
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SECTION 6 - PROCEDURES FOR MAINTAINING SOFTWARE CONFIGURATION MANAGEMENT

AND CONTROL

6.1 INTRODUCTION

This section outlines the procedures required for maintaining the configuration

management and control of the software modules as existed In the ACPL Simulation

library. Configuration Management for the ACPL system consists of malntaining the

libraries for the various simulation modules on the IBM 360/75 computer. There

are two steps to maintaining a data set for the ACPL system. These are:

!. Replace the revised subroutine in the data set using ACPLPRC2 proc.

" 2; Determine the new-module identifier-and resequenc¢ the model us|ng .......................
the subroutine RESEQ.

The configuration management module Identifier for each model appears in columns

73-80 of the card image and will be changed for each revision to the module.

6.2 Updating ACPL Library Modules

The ACPL Simulation Modules are stored on a series of partitioned data sets on

the DSDS_7 disk on the IBM 360/75 computer. Each module is stored and maintained

as a separate'data set with each s.ubrout_._e..!_ the n_clu]e,c_omprising a member

of the set. When a revision ls made to one of the ACPL simulation modules, the

subroutines to be changed must be replaced in the appropriate data set (library).

Thls is done by executing the ACPLPRC2 proc. ACPLPRC2 replaces the source card

images i_ the appropriate data set_and._Lso.con_i.]es,.___,jn_ edits epch.s.ubroutine ....

and places the resulting object module In the data set HODGES.ACPL.LOAD.MOD.

Figure 6-1 shows the listing of the card deck for replacing subroutine CANDK In

the Adiabatic Expansion Model Library. The first card (SETUP) is a comment to

notifythe compzxter_0perator that-tke-DSD_7.-dLr_k.-packmust,_e_yall@._l_..thi_s ........

job. The second card (EXEC) begins execution of-the ACPLPRC2 proc. It also

designates the data set and member In which this subroutine will be stored. The

next two cards (SAVE and ADD) and the last card (ENDUP) are instructions used

by ACPLPRC2. The ADD insCruc¢io_-actds--the--subrout|-ne i.f .|¢.]_-a.Jze.w.me.mbs_. ..........

or replaces the member if it exists In the data set.

Appendix C shows a listing of the ACPLPRC2 proc.

0
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6.3 ACPL Module Identifiers

There are basically eight experiment modules in the ACPL Simulation System

as developed and completed for Phase I/!1 tasks. Future development of new models

of the ACPL Simulation System will result,_in the addition of more modules to

the existing ACPL simulation library.

Adiabatic Expansion Module

Non-adiabatic Expansion Module
Static Diffusion LiquEd (SDL) Module ................................
Continuous Flow Diffusion (CFD) Module

CFD Fluid Dynamics Module
Phoretic Flow CFD Module

Phoretic Flow SDL Module

Two-Dimensional SDL Module

6-2
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In addition to these seven modules there are modules for the executive program

and the utility programs.

The following

Module

EXECUTIVE

ADIABATIC
EXPANSION

NON-ADIABATIC
EXPANSION

STATIC
DIFFUSION
LIQUID

table lists the data sets and subroutines.

Data Set Name

HODGES.ACPL.EXXX

HODGES.ACPL.AXXX

HODGES.ACPL. NXXX

HODGES.ACPL. SXXX

Subroutines

Main Program

CANDK
COSET

DEC

DiFFUN
DRIVE
DRSUB
ECINIT
ECINPT
GAUSS
INTERP
PEDERV
PFUNCT
PRINT
PSET
RADOUT
SOL
STIFF
TLUI
TNT!
USERF
USINPT
XADIA
YTOVAR

DIFFEQ
NAINIT
NAINPT
UPDATE
VTOYNA
XNADIA
YTOVNA

DIFFSD
SDINIT
SDINPT
UPDASD
VTOYSD
XCPSDL
YTOVSO

I
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Module

CONTINUOUS
FLOW
DIFFUSION

CFD FLUID
DYNAMICS

UTILITY

Data Set Name

HODGES.ACPL.CXXX

HODG ES.ACPL. FXXX

.HODGES.ACPL.UXXX

Subroutines

CFDGEN

CFDOUT
CFGRID

CFQMAT
CFSHFL

CINIT
CINPUT
DEQCFD
DNWDT
GINIT
GINPUT
NEWVEL
RADOT2
SINJCT
SURFT2
TRIDIA
XCFD

CNVRG
FDGRID
FDOUTP
FLUID
SDEF
SPEED
STREAM
VDEF
VORT

ADIFF ....................
BEULER
CHAP8
COEFF
CONST
DIFFCO
DRCONC
DRDIST
DTWALL
EULER
GRID
HEATCO
HEATL
OUTPT
PHDNWD
PHGRID
PHINPT
PHRADD
PHSURF
PHTRID
QMAT
QUBIC
RADOTI
SATVPW

:: 6-5



Module

UTILITY (CONT)

PHORET!C FLOW

CFD

PHORETIC FLOW

SDL

TWO-DIMENSIONAL

SDL

Data Set Name

HODGES.ACPL. ChXX -

HODGES.ACPL.S4XX

HODGES.ACPL. S5SS

Subroutines

SHUFFL

SURFT
TCOND

" CMOVE ....

DEQPHC

PCFDIN

PClNIT

PHCGEN

PHCJCT

PHCOUT

PHNWVL

XPHCFD

DEQSDL

MOVEDR

PHINIT

PHUPDT

SDLVEL

SDLOUT

SINIT

SINPUT

XSDL

DEQS2D

DNW2D

GNPT2D

GRD2D

INNT2D

" q NPT2D

QMAT2D
RDOT2D

SHFL2D

SOLVEX

SOLVEZ

" "SURF2D

S2DOUT

TPROBE

TRID2D

UPDT2D

XSDL2D
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The identifier begins in column 73 of the card image. Column 73 has an

alphabetic character to denote the module. Column 74 has a numeric character

denoting a sub-module. Column 75 is not used at present. Column 76 contains

the revision letter with A denotingthe first revision. Initially columns

74-76 contain the letter X. Columns 77-80 contain sequence numbers of the

card images. The subroutines in each module are stored in alphabetical order

and the card images are sequenced as a module. For example, consider a module

consisting of Subroutine A_Subrout[_eS, and SubEoHtineC w|th 5Q, 75_,and

I00 cards respectively. The first card in Subroutine A would be numbered !,

the first card of Subroutine B would be numbered 51, and the first card of

Subroutine C would be numbered 126.

Figure_6-2 illustrates the module Identifiers.

/e •

J

6.4. Resequencing ACPL Library Hodules

Following the replacement of a subroutine in a data set
resequenced and the new Identifier added. The new revision letter is selected

to be the next letter in t_e alphabet after the current revision letter, As

.noted above, the first revision lette _wi!l be A_ .....

Figure 6-3 lists the card deck toresequence the Non-adla_ati.c Expansion Hodule.

Step 1 executes a program called CSNOTRANwhich is a system routine. This

program creates a sequential fi|e.of.,c_rd.{..mag¢_ _f_hes4brout!neson the ............. .

HODGES.ACPL.NXXX data set. Step 2 compiles, |oads, and executes the program

RESEQ. Input data for this program consists of the following:

Card I contains the four-character modu'le identifier in columns ]-4

and the file number for the sequential file Created In Step I ....

in columns 9-10.

Card 2 and following are the JCL cards required for replacing the

subroutines in the data set. Note that four cards (EXEC, SAVE,

ADD, and ENDUP) are required for each subroutine, that the four-

card sets are in alphabetical order by subroutine, and that ALL

subroutines, in the data set are required.
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The final card of the input data must be fol]owed by the delimiter

card with /* in the first two columns. DD cards describing the

necessary files follow the delimiter.

RESEQ reads the input data cards and the sequential card Image

file of subroutines, appends the configuration management module

identifier, sequences the cards, and writes the information to

the internal card reader (file 20), merging the JCL cards with

the subroutines in such a way as to duplicate a data set update

card deck. At the end an EOF is written to file 20, causing

the job set up on file 20 to be executed.

6=5 Creating a Tape

Magnetic tape is the medium used to supply a copy of any or all of the modules

to an investigator or scientist. The requested modules are transferred from

the disk to tape using I_Hsystem-rou_s_and _.FORTRAgprog_a_ .................................

The following table lists the models and libraries as well as modules required

:for each model.

MODEL

ADIABATIC

NODULES REQUt_EI).

EXEC
ADIABATIC
UTILITIES

.LIBRARY ..........................

HODGES.ACPL.EXXX
HODGES.ACPL.AXXX
HODGES.ACPL.UXXX

NON-ADIABATIC . EXEC HODGES.ACPL.EXXX
NON-ADIABATIC HODGES.ACPL.NXXX
UTILITIES HODGES.ACPL.UXXX

SDL EXEC
SDL
.UTILITIES

HODGES.ACPL.EXXX
HODGES.ACPL.SXXX

HODGES.ACPL.UXXX

CFD EXEC
CFD
UTILITIES

HODGES.ACPL.EXXX
HODGES.ACPL.CXXX
HODGES.ACPL.UXXX

FLU I D ................ -EX-EC
FLU I D

........... HOI_._.S ._CPL. EXXX
HODGES. ACPL. FXXX
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MODEL

PHORETIC

FLOW CFD

PHORETIC
FLOW SDL

TWO-DIMENSIONAL

SDL

MODULES REQUIRED

EXEC

PHORETIC CFD

UTILITIES

EXEC

PHORETIC SDL

UTILITIES

EXEC

TWO-DIMENSIONAL SDL

UTILITIES

LIBRARY

HODGES.ACPL. EXXX

HODGES.ACPL.C4XX

HODGES.ACPL.UXXX

HODGES.ACPL.EXXX

MODGES.ACPL.S4XX

HODGES.ACPL.UXXX

HODGES.ACPL.EXXX

HODGES.ACPL.S5XX

HODGES.ACPL.UXXX

-i 6-12



6.6 Creating a New Library

When a new model is added to the ACPL Simulation, a new library must be created

on DSDS07 to contain the subroutines belonging to the new model. This is done

by using the system routine IERBRI4 to ailocate-disk space for-_he new data set .............

and then using ACPLPRC2 to add the subroutines to the data set.

Figure 6-4 shows the cards necessary to allocate space for HODGES.ACPL.C4XX

- and HODGES.ACPL.S4XX. Refer to figure 6. t and'section 6,2- above, for-.a-descrip ............

tion of ACPLPRC2.

/_-SETUP

// EXEC

//DUM1 DD
//
//
//DUM2 DD

// - .
//

DSDS07 ..................

PGM=IEFBRI4

DSN=HODGES.ACPL.S4SS,UNIT=3330,DISP=(NEW, KEEP),

DCB=(RECFM=FB,BLKSlZE=64OO,LRECL=80),

VOL=SER=DSDSO7,SPACE=(TRK,(IO,5,10))
DSN=HODGES.ACPL.C4XX,UNIT=33OO,DISP=(NES,KEEP),

DCB=(RECFM=FB,BLKSIZE=64OO, tRECL=80)_ .......................................

VOL=SER=DSDSO7,SPACE=(TRK,(10,5,10))

Figure 6-4. Card Deck List to Create
New Library
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Appendix D lists the card deck to transfer all the ACPL simulation models

from disk to tape.

Appendix E lists the JCL to execute the ACPL simulation from tape.

Appendix F lists a card deck to execute the ACPL simulation from the load

module on the HODGES.ACPL.LOAD.HOD data set.
p

Appendix G lists a program to compress the ACPL data sets.

Appendix H describes the ACPL Simulation System created in Phase I of this

program. This is the uerslon prov,ided_¢o the,.|nve_st|ga_o._$.._rl?r to.,I.2/1/79. ........ _"
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+J APPENDIX A

LABELLED COMMONUSED BY ALL EXPERIMENT MODULES

The following common areas are used to evaluate the+ constants -required in the

calculations of parameters and to provide coefficients in determinlng various

attributes of the system.

A.!

NAME TYPE

PI , R*8

RGAS R*8

HbrI'AI R R*8

MWTVAP R*8

RHOLI Q R*8

CPA I R R*8

CPVAP R*8

CL I Q R*8

GAMHA R*8

TKTOC R*8 .-

CALERG R*8

PATHOS R*8

RGVAP R*8

NWFACT R*8

ERAT I O R*8

A.2

NAHE

AI

A2

A3

A4

AS.

A6

A7 ,

CONSTS COHHON AREA

DISPLACEHENT

0

8

16

24

, 32

40

48

56

64
72

80

88

96

104

112

DESCRIPTION

3. 1415926535898

..... uNIVERSAL GAS CONSTANT

MOLECULAR WEIGHT OF DRY AIR

MOLECULAR WEIGHT OF WATER

DENSITY OF LIQUID WATER

MOLARHEAT CAPACITY OF DRY AIR .......

MOLAR HEAT CAPACITY OF WATER VAPOR

MOLAR HEAT CAPACITY OF LIQUID WATER

SPECIFIC HEAT RATIO

TEHPERATUEE -OF, FREEZ I,NG POI NT OF W_TE_ ...........
(BEG K)

CALORIES/ERG

ATMOSPHERIC PRESSURE

RGAS/HWTVAP

4*PI*RHOLI0]PMTVAP

HWTVAP/HWTAIR

COEFFS COHMONAREA

TYPE DISPLACEMENT DESCRIPTION

R*8 0 AI - A7 ARE COEFFICIENTS USED FOR

R*8 8 CALCULATING THE SATURATION VAPOR

R*8 16 PRESSURE

R*8 24

R*8 32

R*8 40

R*8 48

A-1



NAME

B!

B2

COEFFS COMMONAREA (Cont.)

TYPE DISPLACEMENT

R*8 56

R*8 64

Ol R*8 72

D2 R*8 80

D3 R*8 88

El R*8 96

E2 R*8 104

E3 R*8 112

DESCRIPTION

BI AND B2 ARE COEFFICIENTS USED FOR

CALCULATING THE LATENT HEAT OF

CONDENSATION

D] - D3 ARE COEFFICIENTS USED FOR

CALCULATING THE DIFFUSION

COEFFICIENT

E1 - E3 ARE COEFFICIENTS USED FOR

CALCULATING THE THERMAL DIFFUSION

COEFFICIENT
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APPENDIX B

LABELLEDCOMMONAREASFORDIFFERENTEXPERIMENTMODULES

The common areas used 'by the various experi_ment, modules use the .sal.me.names..,....................

but the configuration and parameters vary according to the module.

B.I

B.1.1

NAME TYPE

T I ME R*8 0

P R*8 8

T R_8 i 6

V R,_8 24

S R'_8 32

PDOT .... R*8 .... 40

TDOT R*8 48

VDOT R*8 56

SDOT R*8 64

NAIR R*8 " " ........ 72

NVAPOR R*8 80

NLI 0. R*8 88

NGAS R*8 96

NVDOT ...... R'k8

NWDOT R*8

LABELLED COMMONAREAS USED BY THE ADIABATIC EXPANSION MODULE

VARBLE COMMONAREA

DISPLACEMENT DESCRIPTION

TIME IN SECONDS

• PRESSURE

TEMPERATURE

VOLUME

SUPERSATURATION

..... PRESSUR_ DERIVATIVE ..-

TEMPERATURE DERIVATIVE

VOLUHE DERIVATIVE

SUPERSATURATION DERIVATIVE

• " NUMBER OF MOLES OF- AI-R

NUMBER OF MOLES OF WATER

NUHBER OF MOLES OF LI,O.UID WATER

NUMBER OF MOLES OF WATER VAPOR PLUS AIR

...... 104 _.............. RATE OF CHANGE "OFVAPOR I_ GRAH-HOL.E-S- .............

112 RATE OF CHANGE OF Lio.UID WATER IN

NGDOT R*8 .120

XAIR R*8 " 128

XVAPOR R*8 136

PVAPOR R*8 i44

PAIR R*8 i52

GRAM-MOLES

RATE OF CHANGE OF GAS IN GRAM-HOLES

-FRACTION OFPRESSURE DUE TO AER ...........

FRACTION OF PRESSURE DUETO WATER VAPOR

PARTIAL PRESSURE OF WATER VAPOR

PARTIAL PRESSURE OF AIR

B-!
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B.1.2 ARRAYS COMMONAREA

NAME TYPE DISPLACEMENT

SIGHAC R*8 O

SCRIT R*8 800

SSAT R*8 1600

NPART R*8 2400

CONC R*8 3200

BSOL R*8 4000

RAD_ R*8 4800

RAD R_8 5600

RDOT R*8 6400

RCRIT R*8 7200

DESCRIPTION

CRITICAL SUPERSATURATION

CRITICAL SATURATION RATIO

SUPERSATURATION

NUMBER OF PARTICLES PER UNIT VOLUME

NUMBER OF ACTIVATED PARTICLES PER CC

SOLUTION COEFFICIENT USED IN
KOHLER EQUATION

INITIAL RADIUS OF AEROSOL PARTICLE

RADIUS OF AEROSOL PARTICLE

DERIVATIVE OF RADIUS

CRITICAL RADIUS OF AEROSOL PARTICLE

B.1.3

NAME

TSATUR

PSATUR

TEMPB

PRESS_

VOL_

NZERO

SZERO

SI GHAI_

T I ME_

T I MEF

DELTAT

TMOUT

6.1.4

NAME

LAFACT

LBFACT

LCFACT

LRFACT

INITL COMMONAREA

TYPE DISPLACEMENT

R*8 0

R*8 8

R_8 16 ....

R*8 24

R*8 32

R*8 40

R*B ....... 48

R*8 56

R*8 64

R*8 72

R*8 80

R*8 88

FACTRS COMMONAREA

TYPE

R*8

R*8

R*8

R*8

DISPLACEMENT

0

8

16

24

B-2

DESCRIPTION

SATURATOR TEMPERATURE

SATURATOR PRESSURE

INITIAtCHAHBER TEMPERATURE....

INITIAL CHAMBER PRESSURE

REFERENCE VOLUME

NUMBER OF MOLES OF WATER VAPOR

INtTIA_ SATUF,ATrORRATI'O

INITIAL SUPERSATURATION

TIME AT BEGINNING OF EXPERIMENT

TIME AT END OF EXPERIMENT

INTEGRATION TIME INCREMENT

OUTPUT TIME. INCREMENT

DESCRIPTION

TEMPORARY FACTOR FOR CALCULATING LALPHA

TEMPORARY FACTOR FOR CALCULATING LBETA

TEMPORARY FACTOR FOR CALCULATING SDOT

TEMPORARY FACTOR FOR CALCULATING SDOT,
PDOT, TDOT



8.1.5

NAME

ALPHA

BETA

SURFT

HTCOND

LHTVAP
D

TSQRT
CPBAR

LALPHA

LBETA

LAHBDA

CA

CB

PARAHS COHHONAREA

TYPE

R*8

R*8

R*8

R*8

R*8

R*8

R*8

R*8

DISPLACEHENT

O

.... 8 ......

16

24

32

40

48

56

64

72

8O

88

R*8 96

DESCRIPTION

THERHAL ACCOHMODATION COEFFICIENT

CONDENSATION COEFFICIENT ........

SURFACE TENSION OF WATER

THERHAL CONDUCTIVITY OF AIR

LATENT HEAT OF VAPORATION

DIFFUSION COEFFICIENT

SQUARE ROOT OF TEHPERATURE

TEMPORARY FACTOR FOR CALCULATING
PDOT, TDOT

COEFFICIENT DERIVED FOR COHPUTING
DROPLET SIZE ........

COEFFICIENT DERIVED FOR COHPUTING
DROPLET SIZE

COEFFICIENT DERIVED FOR COHPUTING
DROPLET SIZE

COEFFICIENT DERIVED FOR COHPUTING
DROPLET SIZE

COEFFICIENT DERIVED FOR COHPUTING
DROPLET SIZE

B.1.6

NAHE

NCLASS

NEQS

INDEX COHHONAREA

TYPE

1"4 .......

1"4

DISPLACEHENT

4

DESCRIPTION

NUHBF.,R,.OFCLASSES OF AEROSOLpART!CL.ES .......

NUHBER OF DIFFERENTIAL EQUATIONS

B.I.7

NAHE

Y

DY

COHPUT COHHON AREA

TYPE

R*8

R*8

+1

OI SPLACEMENT

1024

DESCRIPTION

ARRAY OF VARIABLES

ARRAY OF DERIVATIVES

B-3



B. 1.8 DRVAR COMMONAREA

DRVAR common area Is used to store values for driving force options.

NAME TYPE DISPLACEMENT DESCRIPTION

PRESUR R*8 0 PRESSURE

DRPRES R*8 160 DP/DT

UPDRFT R*8 320 UPDRAFT

TMPTR R*8 480 TEMPERATURE

TIMEPT R*8 640 TIME

TEMPDR R*8 800 RATE OF CHANGE OF FUNCTION

NOPT 1"4 960 OPTION INDEX

NPNTS 1"4 964 .......... NUMBER OF POINTS

B.2 LABELLED COMMONAREAS USED BY THE NON-ADIABATIC EXPANSION MODULE
AND THE STATIC DIFFUSION LIQUID EXPERIMENT MODULE

B.2.1 VARBLE COMMONAREA
I

NAHE TYPE DISPLACEMENT

TIME R*8 O

T R*8 "8

VOLUME R*8 176

VNEW R*8 344

S R*8 512

NAIR R*8 680

NVAPOR R*8 848

NGAS R*8 1016

NLIQ R*8 1184

AREA R*8 1352

Z R*8 1520

PDOT R*8 1688

TDOT R*8 1696

SDOT R*8 1864

NADOT R*8 2032

NVDOT R*8 2200

NGDOT R*8 2368

NWDOT R*8 2536

B-4

DESCRIPTION

TIME IN SECONDS

TEMPERATURE

VOLUME

NEW VOLUME OF GRID ELEMENT

SUPERSATURATION

NUMBER OF MOLES OF AIR

NUMBER OF MOLES OF WATER VAPOR

NUMBER OF MOLES OF WATER VAPOR PLUS AIR

NUMBER OF MOLES OF LIQUID WATER

AREA OF GRID ELEMENT

GRID LENGTH

PRESSURE DERIVATIVE

TEMPERATURE DERIVATIVE

SUPERSATURATION DERIVATIVE

RATE OF CHANGE OF DRY AIR IN GRAH-MOLES

RATE OF CHANGE OF VAPOR IN GRAM-MOLES

RATE OF CHANGE OF GAS IN GRAH-MOLES

RATE OF CHANGE OF LIQUID WATER IN
GRAM-MOLES



6.2.1

NAME

VDOT
VTOTAL

. NTOTAL

SIGMA

P

B.2.2

NAME

RAD

NPART

CONC

RDOT

RZERO

RCRIT

SI GMAC

BSOL

NZERO

CDROP

VARBLE COMMON AREA (Cont.)

TYPE DISPLACEMENT

i

R*8 2704

R*8 2871

R*8 2880

3048

3216 -

ARRAYS COMMON AREA

TYPE

R*8

R*8

R*8

R*8

R*8

R*8

R*8

R*8

DISPLACEMENT

0

16800

33600

50400 .......

67200

68000

68800

69600 .....

70400

71200

DESCRIPTION

VOLUME DERIVATIVE

TOTAL VOLUME

TOTAL NUMBER OF MOLES OF GAS
PLUS LIQUID

SUPERSATURATION

PRESSURE ....

DESCRIPTION

RADIUS OF AEROSOL PARTICLES

NUMBER OF PARTICLES

NUMBER OF ACTIVATED PARTICLES PER CC

RADIUS DERIVATIVE

INITIAL RADIUS

CRITICAL RADIUS OF AEROSOL PARTICLE

CRITICAL SUPERSATURATION

SOLUTION COEFFICIENT USED IN KOHLER
EQUATION

INITIAL NUMBER OF PARTICLES

DROPLET CONCENTRATION

6.2.3

NAME

PSATUR

TSATUR

PZERO

TZERO

DPDT

VZERO

DZ

DZINV

TMZERO

INITL COMMONAREA

TYPE

R*8

R*8

R*8

R*8

R*8

R*8

R*8

R*8

R*8

DISPLACEMENT

O

"" 8

16

24

32

40

48

56

64

B-5

DESCRIPTION

SATURATOR PRESSURE

+SATURATOR TEMPERATURE

INITIAL CHAMBER PRESSURE

INITIAL CHAMBER TEMPERATURE

DERIVATIVE OF PRESSURE

REFERENCE VOLUME

DERIVATIVE OF DISTANCE .

INVERSE OF DZ/2

TIME AT BEGINNING OF EXPERIMENT



B.2.3

NAME

TIHEF

THOUT

TIMEND

DELTAT

TMRAHP

DTW1

DTW2

TW]

TW2

B.2.4

NAME

NSPACE

NI

NF

NEQS

NCLASS

KGEOM

LGEOM

INITL COMMONAREA (Cont.)

TYPE DISPLACEHENT

R*8 72 .....

R*8 80

R*8 88

R*8 96

R*8 104

R*8 112

R*8 i20

R*8 128

R*8 136 ,.,,

DESCRIPTION

TIME AT END OF EXPANSION

OUTPUT TIME INCREMENT

TIME AT END OF EXPERIMENT

INTEGRATION TIME INCREMENT

....... DURAT.I.0N OF PLATE TEMPERATURE RAMP

TOP PLATE TEMPERATURE RAMP RATE

BOTTOM PLATE TEMPERATURE RAHP RATE

TEMPERATURE OF TOP PLATE

-TEMPERATURE OF BOTTOHPLATE

INDEX COMMONAREA

TYPE

1.4

1.4

1.4

1.4

1.4

1.4

DISPLACEMENT

O

4

8

12

16

2O

1.4 24

DESCRIPTION

NUMBER OF GRID POINTS

BEGINNING INDEX OF GRID POINTS

NSPACE - 1

NUMBER OF DIFFERENTIAL EQUATIONS

NUMBER OF CLASSES OF AEROSO£ PARTICLES

GEOMETRY INDICATOR FOR COORDINATE
SYSTEM

KGEOM+ I

B.2.5

NAME

Y

DY

A/tAT

BMAT

Q

COMPUT COMMONAREA

TYPE

R*8

R*8

R*8

R*8

R*8

DISPLACEMENT

0

1024

2048

5576

5744 "

DESCRIPTION

ARRAY OF VARIABLES

ARRAY OF DERIVATIVES

NATRIX OF EQUATION COEFFICIENTS

ARRAY OF EQUATION ANSWERS

.... TOTALMASS
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B .2.6

NAME

ALPHA

BETA

LAFACT

LBFACT

PARAMS COMMON AREA

TYPE

R*8

R*8

R*8

R*8

DISPLACEMENT

0

8

16

24

DESCRIPTION

THERMAL ACCOMMODATION COEFFICIENT

CONDENSATION COEFFICIENT

TEMPORARY FACTOR FOR CALCULATING
LALPHA

TEMPORARY FACTOR FOR CALCULATING
LBETA

B-7
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Appendix D. Card DeckList to Transfer all the ACPLSimu|ati'on
to Tape
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Appendix D. Card Deck to Transfer all the ACPL Simu|at:|on
to Tape (Cont.)
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Appendix E JCL List to Execute the ACPL Simulation from Tape
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Appendix E JCL List to Execute the ACPL Simulatlon from Tape (Cont.)
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Z9301$ ldOb. O.

ZS. oO;)d_
130. ,004,
12 t.. .OO6
125. _t_.06
tOO. 0009

25. .01
Ll 0 .2
O. 3. IO0- 5.

SO* °04 -.04,
;FD E_P

L. .03
-_e5 TO A

ZO

61k.... 2° . .. 36. . -. LZ.
3. 6. IS.

293015 lOJJ. 2_S. L5 23|o15
30 23L.IS 100_). _3.

3 293015 291.L_

• J62S |1.
_.FO EXP

L, ,O)
N VS SC

k
2 50 .OOZ

13o. .oo.v
]LZSo • OOb
trs. .oo9
1000 .dO9

...°
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....... Appendix E JCL List't6 Execute the ACPL Shnutation from Tape (Cont.) ...........

25.
Ib&.

l.

.01

60 150

]O Z_Lo|b IOOO. _J.

.D62$ 30

_F_ £gp

£e5 TD K
2O

_..._30. 1. .au_ .Ol
6b. Z. 36. lg.

1. k. I_.
r

Z95.IS 10330 2fS.IS Z#L.IS
10 _l.lh lOUD. _G.

3 295.1_ 291o1S
._L_q 3.

FLUID
fl_|& V|¢_l F|_-] fitJl_ VI_[[_[TY

7200 CFL3RT Fld.J LAR_ILk FgOd ART(

2.3 AFL3RT F|J.J A[R-JSIJL._J_L_I_ATL_._ _
2.0 I_lGdT FAO.J PdLL CNA_USEI HEIGHT

3 L. o m]JBJjL_.F z u .JL_ _ Ul_- L_L4._IIf-qL- • ! D.T.U_
1500 DIST TUIJu. ,_JlARd_k L[NGTilI.II EXIT PLJATI

- _lL,_'_---n_3-, _-JNiJJ_M, EJJ-_ .i'JL[ T-_RnAT IIFIGHT ....................
IZo0 TMIDTx FiO.J FJLL THRdAT iilOlH

¢;_ee3I/SEC
_ I.£.5F.C._

CH
£q.---
CR :
CR

Q.S_ _HR_&T

0.531 A
I.$_1 d
500 D_ST
Z.O XL£_
0.4 xHGT
36.D _wIUTH

l IlqlN
600 .... :ITRAX

Fld.3 T/tK0_T...I. I_IGT H f-H
FIOo._ LLLIPSL &RIS|PERPE.'|UICUL&_ |U FLU,,| CN
F 2L)_L.._J_.L.[_,5 [ AX ! $ IPA .PAI.L_L TO EL _l_l C.H
F|d.J L_ATIUN UF C[NTER UF r-LLIPS[ CN
F|O*_J Lk|.._TH OF FXlT PORT I_M
FIO.I I_JLL Ht:|;II1 LIF ExIT RtRT (R

FIO.J FuLL I_lOTH OF FxIT P[-_1 CN
IS HJl_lqUh ;,IUHBI_R 3F ITEgtTI3NS
IS .... MAXI_q'J_R [_U_.I_fR PF-I1NE_&TIgN5 - ,-- * ,-

IoOOOE-O2 C3qCRT Eld.J
I.O0 RFLAX Flu.3

21 kV IS
31 _S Is

L0I nZ 1S
NTqlN I5

STOP SIM

_4VERGENCE CRITERIUN
RkLaX3Tlf_fl (OFFFICI_HT
N_.'Sb_A UF POINIS IN LARGk V G_ID
_qb_q OF POINTS IN SN&LL V 2SI GRI9
kURIS_R OF POINTS IN Z GRID
HINIRUR NU_[R OF GRID P_INT5 -!_ THROAT

New page E-3



.=_ F_bruary 15, ,1'_°"_v

Appendix F Card Deck List to Execute the ACPL Simulation from the
Load Module on the HODGES,ACPL.LOAD.MOD Data Set

// AC_m20e2_) p LFFA¢ |*C2¢)RNOCG| SoPSGL| VEL"i L oL|
// _X£C FOK|_CLGgPIRM. LK£U'OCVLye14APmLEleLIS|m$|Zt'I:P62|44e3216iIoe

I/ K L k JlII-FI el I&]_L a JU b&'ll'KIr- b | L he bL wJLUp
IIfOR1 ,SY$IN CD •

" w_www wWqbvv wOOUU v_UO_

C, " Esl(kl4_ RCO4_LL CF IHE ACFL.SIPULA](ii _. .............. . ...... "......... .............

IMPLICIT RIlL ella - htC - II

CONMCI`/CCNST$/P I eRGASePk lair o@klVAF eRH(Li_eCFIIR m(PVAF eCL|Ce

COMNCI`ICOEFF$/A|, A2,A3 ,_,AS, A6 eat col .O2,C| *L3,C3 e| I eEZ e k]

_tAL ma Fb l •'in e_r_kF_rCT_MrKA_L

CIMEk$1Lk IEI`APlE 181 4,

C

C

z;t_wncu ,m_A,m car e-_us cxr e _b_ _P'_ew_PP_'S_ee_-_xP-r_ "_

| eFLL,|C e e eJl)Jl_l JlJl XX • e • ) Jl X X J(XXX e _

C

(

C IHERNO_YNA_IC CALCULATICN

CALL CCEFF
C

C CALL CCN$IIq Sl.llRCl, likl: IC DI_FINE I_ALI, I_S (F CCkSilkl$

C

_ Acm_ IN _rixl_thm _Anl= e_ I:r. _lr;L.Ir.l

= _'uR'MII' ¢ i _a J
IFIIEXPkPI_ .kF,. tl`DSi_.l G( I( 11

a_ilcdotul
6 FORNATIIH e31tee El, I) SiPLLAIlCk •el

11 O0 20 i - Eel

20 CONT INI.IE

toRITEItj121

STOP

--¢

C
_0

100 I`SPACE - l

GO IO I --

200 NSPACE " 10

GO T0 I

_NI_hU_
GC TO IICC,2CC,)C(,4CCeSCC,tCC_TCC_8_OI, I
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Appendix F Card Deck List to Execute the ACPL Simulation from the

Load Module on the HODGESoACPL.LOAD.MOD Data Set (Cont.)

CALL XCPSDL
GO lD I

C
.... 400

c

C
• • " DUU

NSP_CT'_-TO
CALL JtPSUL

..... =_-TU_

N_PR_ i A_
CALL GIkPLI

..... _AL1C_"X_D'
G810 |

"-C-
600 NSPACE . l

LALL _LLJ_
GO I0 |

?00 CONTINu|

8uu _UNI|NG_
GOIQI

C
"--'Sgr'ST8_

END

P JJL_U_T3_iD _U U_hIMU_b_eP_PLoL_AU*_L_IUh]IS_JJUI_LLmb_Ns_3U_I!
/I DJSP-S_
il UU _I_T_IePLPIL|EIU|_Pm_hN
// OO CSAmSY$I.PSFCL|B.D|_P*S_R

_NTR¥ PA|k
• Jn]_sl _Ain._u[rrlk_n_l:4ucib;ksrrL_|rEAiLt:_ivFat_t_l_

.... O¥_I, LA1 &.

INSERT ¥|CbAR.RA_DCI.OK_UB.CCSE1

INSERT iAC|AeEC|kP|.EC|k|Tt_$|_PleGIUSS

_fl_Kl ILLAtlhlAffb_K_lLAh_
OVERLAt A

IH_NI A_irP_UIkALLf3_KrlIIL'LhU*k_iU
|NSER1 RADQI|eEULER.BEuLE_eQ_A|eSHUfFL,C_|P|,CF_P8
UV_KLA_ •
1NSER1XflACIA

INSER10iFFE_eLP_AIE._ICYKA*_TCYAA

Uvtk_Al •
|NSER1XCPSDL

INSERI D|FFSD,_PDA$O.IIC_SG*VlCYSG

|NSERI GINPLI,GJNJI_CFG_iD.XCFC.CikPU!

in)[Ki bifl|llUC_br_lN_li_L_&fld_ll_ru_u]
iNSERT DNbD|,CFQP_I,CF$_FL*YR|D|AeSUHFT2
_N_EKi _r_G[hl_AUbi_

OVERLAY A

INSER| SPEEODSTREA_BVOEFDVC_|
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February 15, l °_nJ,.,,..

Appendix F Card Deck List to Execute the ACPL Simulation from the

Load Module on the HODGES.ACPL.LOAD.MOD Data Set (Cont.)

--]l_-ir_P
1©o0. 3CCo15
|UbUe d_el3

O. SC.
._&e

GJU$SIAN

4.161S

qelOAl

4.]61g

407615
qoi6"l_
4.161+
q.lo|_
4.761$
_.?6kJ
4.1615
4.16|J
4.761g

4.1615

4._61S

4.1&IS

4._61g
_rGl
"-O.6T

'--'RCi+ E.r
I_00.

' l_.

....... Cg

USER

le

.OOS 1.0

q_ .r'.+

5¢.

_S].15 1.

5¢. .0¢5 1.¢

25.
IGG.
1250

'A25.
1000

-P¥$I1_£
I_UM•

lEO.

830•

.¢02

•_C6

•C¢S
•Cl

13.
J4**

4r.°
I b

l[ll [xp
kubb*

IOOG•
+.

2S3.15
SC.

b_EIt
.¢_

1.

15.

1@00
• CuZ
.¢04
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February i5, 1980

Appendix F Card Deck List to Execute the ACPL Simulation from the
Load Module on the HODGES.ACPL.LOAD.HOD Data Set (Cont.)

125. .CC#
lO0. .CCq

OPel 4
..... --_J -_ z3.

0. ec.

". -4.0 ACC.
""ALIA tXP

1OO0o 2q3.15

G. 5£.

USER

.DOS |°O

Q

ZS.

125.
&_3e

|O0.

lVSTIME
_6BoO

28Co0

214tC
AC|A EXP

IOUU.
IC0¢0

Ue

1.
U_R

.C02
o_Oq

.COt

.¢C$
ell

20.C
IC.C

lcc:I

2S3.15

*C3

lo

°UU_

T$.
e

100. oC¢4
A_=. .'b'_
12S. .@C!
&UWm oL¢_

25. .el

50. 1¢.

75. tO.

ALIA EAP _

USER

80

o005 100

25. .C02

125. . CC6

100. 0¢CS
15. .¢1

---"_fU_C!
SlOP Sl_
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Appendix G Program List to Compress the ACPL Data Sets

"-7*-S£;up cs_sc7
#ICUMPKLSS _ZtC PGPe|EB_OPY

_JFU_NAML _u b_n_MbLb_eA_rLe_I_Jt_&_|LL_e_Wif_a31_LDe
I/ VOLmSERaCSGS07

--715T5Plrihi u_ :W:_L;eM

IIiYibl$ U_ GSkAPE'CIEHP|euklI'SY$SCeSPIEE-|IFPelIll

I/STSIN GD •
_brY _blUUsvb3_&_I|hLUiFU_&Ft

IICUnPKESS [ZkG PG_*|EULGPY

II VOL-SEk*DSDSC7

//STSUTI GD DSkAPE-_iEHPI_bhlT_$YSSC_$PAC[-IIP_Illl

_ISYSIN CG •
_U_T bb|U_erU3N_LIJ_UUuFU&_

IICGHPRESS kXE£ f_'IEKCPY I"

II VQL_$ER'USDS¢7

IISYSU|) DO DSkA_E-tIEHP | _UN|I-SYSSGeSPACE- |I_P e ¢ | ) J

IISYSIN 13O
_Grlr _,u aui,= r _, $_la _[. e 1 _uu xlPU_Ar.I_ .....

/l£OHPR£ SS EXE£ PGP*|EBCGP¥

• II VOL_SER'USDSC]
--,fT'S'T'SPR1 W | u*,, .S_ _,u_. _ -'_ .................................

IISYS_3 DU _$AAPt-£IEI4P_eU&JI-$Y$$CeSPACE-|_IeP_||J|

IISYSIN CC •
bur[ b_ IUL_ rb3_lAl_l_l

I/CCHPRESS EzEC PG_- |EBCCP¥

II VOL"S£#'O._OSC l

IISYSblr3 no " @$AJkPJ[-¢TI_NP| tlL,N|I-SY_e_/IJC,_LI[iI_J_ ¢lll .... -...... ....... , ............................
11_¥_|4 L_U U_&Aff&mbi_rL=_b_| le3T33_13r:_mT_ I till

_/SYSIN CO •
_L_rq UbiUd_rl_3NA_li4_4_G_wr_l_AF_

IICOHPRESS EXE(. PGP- |EBCCP¥

II VOL-SER-QSDSOT

IISTSU_3 DO DSkAFE-_IEHPZ tUN| T-$¥SSCeSPACE- | |_F. | ] ) J

I/STSIN OO •

S/CQHPRESS EXEC PGP-IEBCCP¥
ilru3nAnl: bu b3Nzhb_l._*A_rL*k_4MlUlSr_lLL_ll41:i:rl ILI_LLi--_I_Lkl
l/ VOL.,SER-OSDSC 7

_T'_'PAini i,_ "" _, " "-
//ST St, l'.! DO nSEAPE-cTENP L _Ni T-SYSSGBSPACE- | IF _ _ | | | |

I/STS|N CO •

II VCL-$ER'0$0SC7

I/STSPR IN1 OD STSOLI*A
""_.SY3L I J UI)' GJ+APt.&I+I+pJel, kII-31t++I.e._pA[I.IlPfelJJJ

I/STSbl4 OO OSkl+E-CIt,P2 .UNI I-SYSSG.SPI+k- I 1,,. I I I I
//SV$|k GO" •

• (;OPT ouInu_PCSNAVL e J kCOwPO SkAPIb
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APPENDIX H

PHASE I ACPL SOFTWARE MODULES

Febru_ry i3, ;9CO

The Phase i version of the ACPL simulation software modules are stored in the

data set ACPL.SOURCE on disk DS_9_2 of the IBM 360/75 computer. This version

includes the Adiabatic, Non-adiabatlc, Static Diffusion Liquid, and Continuous

Flow Diffusion Modules, including all utility programs and the Gear integration

programs. The executive module is not included in ACPL. SOURCE. The subroutines

of ACPL.SOURCE have been compiled and link edited and the object module stored

on ACPL. LOAD.MOD on the DSgg_2 disk.

The AdiabaticExpansion Module on DSg992 does not include the distribution

option.

The Non-adlabatic Expansion Module on DSgg92 allows only one expansion of the

gas parcel.

The SDL and CFD Modules on DS_9_2 are the same as those stored on DSDS_7.

q
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